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(With the technical assistance of B. Brooks.) 


From the Department of Pathology, Southwestern Medical School, University of Texas, Dallas. 


Dogs subjected to bilateral nephrectomy 
and maintained by dialysis develop a series 
of abnormalities among which have been em- 
phasized hypertension(1,2), cardiovascular 
lesions(3,4), hemolytic anemia(5), and a 
negative nitrogen balance(6). The present 
communication considers the relationship be- 
tween external sodium and potassium balance 
and changes in the content of sodium and 
potassium in the “extracellular fluid” as 
measured by the distribution of radiosulfate 
in association with dialysis following bi- 
lateral nephrectomy of the dog. 

Methods. All methods used have been 
identified in another presentation(7). The 
nephrectomies were performed one week apart 
and peritoneal irrigation was begun after the 
second nephrectomy. The control mean ar- 
terial pressures, which varied between 110 


* Supported by a grant from the U. S. Public 
Health Service National Heart Institute. 


and 120 mm Hg, and the body weights were 
obtained by averaging the daily figures ob- 
tained during the week before the second 
nephrectomy. Dog Nos. 1 to 15 received a 
diet containing an average of 77 calories/kg/ 
day and between 1.4 and 4.2 g protein (mainly 
casein) /kg/day (average 2.7 g/kg/day) 
given in an average volume of 191 cc/day. 
Dogs Nos. 16 to 19 were handled in a similar 
manner except that they received an average 
of 45 cals/kg/day and protein (casein) in an 
amount of 1 g/kg/day in an average volume 
of 140 cc/day. Vomiting was negligible in 7 
dogs and diarrhea did not occur. External 
Na and K balances were determined by the 
quantities in the diet and the quantities enter- 
ing and leaving the peritoneal cavity during 
the daily dialyses. Fluid equilibrium was 
maintained in most instances during the 
dialyses. 


The radiosulfate (S*°) space was obtained 
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by a modification of the method of Walser 
(8). Radioactive S*° as sodium sulfate was 
injected intravenously in doses of 100 pec or 
less and serum samples were taken at 15, 30, 
60, and 120 minutes. Adequate mixing was 
obtained after 15 minutes; the minute count 
fell in a straight line with a slight slope when 
plotted on semilogarithmic paper. The counts 
were obtained with a flow counter as follows: 
A sample of undiluted serum (0.1 to 0.2 cc) 
was allowed to spread on a disc of lens paper 
(O.D. 2 cm) impregnated with a 5% suspen- 
sion of aquadag®t and mounted on an alu- 
minum disc. The aquadag aided in the uni- 
form dispersion of serum over the counting 
surface and minimized self-absorption and 
back-scattering. The unknown sample was 
compared with a known sample of nor- 
mal serum containing diluted radiosulfate 
treated in a similar manner. The samples 
were counted until 11 x 64 counts were ob- 
tained. The Na, K, and radiosulfate concen- 
trations were expressed in the ECF water by 
correcting for the plasma protein concentra- 
tion. The radioactivity was extrapolated 
back to zero time on semilogarithmic paper 
while measuring the radiosulfate space. Con- 
sideration has been given to the gain or loss of 
Na or K from or to the outside and the gain 
or loss of Na and K in the “extracellular 
fluid” as measured by radioactive sulfate. 
These two quantities (exogenous balance and 
extracellular fluid balance) have been consid- 
ered to indicate the quantities of Na and K 
either leaving or entering the extracellular 
space for or from other compartments in the 
body, presumably cellular. Thus, the sodium 
gained from the outside and the sodium de- 
pleted from the extracellular fluid are con- 
sidered collectively as the likely quantity of 
sodium gained by cells, and the potassium 
lost to the outside and the potassium gained 
by the extracellular fluid are considered col- 
lectively as the likely quantity of K lost by 
cells. 


Results. The results are given in Table I. 
During the period of study (3 to 7 days) the 
radioactive sulfate space was either essentially 


t Colloidol carbon in water, manufactured by Ache- 
son Colloids Corp., Port Huron, Mich. 


unchanged or significantly lowered. In 16 
dogs the total “extracellular” sodium de- 
creased, while in 15 dogs there was either a 
negligible or definite gain of sodium from the 
outside. This indicated in 16 dogs an ap- 
parent gain in cellular sodium varying be- 
tween 39 and 226 mEq, in 11 dogs it exceeded 
50 mEq. In 8 dogs, which either lost up to 
36 mEq of Na to the outside or gained up to 
31 mEq, 5 showed apparent cellular gains 
varying between 21 and 49 mEq. Only 3 dogs 
revealed changes which might be commensu- 
rate with decrements in cellular sodium. The 
apparent shift in Na away from the ECF bore 
no constance relationship to the serum Na 
concentration. 

All animals were maintained in a state of 
negative exogenous K balance, since the diet 
contained between 2 and 4 mEq of K per day 
and the input irrigating fluid was devoid of K 
while upon exit it contained between 3.5 and 
7.8 meq/liter. However, there were special 
aspects of the loss of K to the outside. Six- 
teen dogs displayed an elevation of the serum 
K concentration, and of these 11 showed an 
increment in the total “extracellular” K. 
Thus, the negative exogenous K_ balance, 
mediated via the irrigation, appeared to be 
potentiated by a tendency toward the passage 
of K from some compartment, presumably 
cellular, into the extracellular fluid. By the 
methods used all animals displayed an ap- 
parent decrement in the cellular K. 

Comment. The gain in exogenous Na plus 
a decrement of Na in the ECF as measured 
suggest the shift of Na into cells, while a loss 
of K to the outside and an increment of K 
in the ECF as measured suggest a shift of 
K out of cells. Even in certain animals dis- 
playing no exogenous sodium gain, there was 
a tendency for Na to be deviated out of the 
ECF. 

No constant quantitative relationship was 
detected between the shifts of Na and K. 
Thus, certain animals accruing larger quanti- 
ties of Na, lost lesser equivalent quantities of 
K, while some animals that lost greater quan- 
tities of K gained a lesser equivalent amount 
of Na. These discrepancies, which suggest 
that the entire study indicates a trend only, 
may result partly from internal factors. That 
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TABLE I. Data from 19 Dogs as Discussed in Text. 
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internal factors are involved in the movement 
of K is indicated by the relationship of the 
loss of nitrogen and K in the outflow irrigating 
fluid, as discussed elsewhere(7). By nitrogen 
balance studies it has been shown(7) that the 
quantity of nitrogen removed by the irrigating 
fluid, which apparently is derived from cellu- 
lar breakdown, far exceeds the expected quan- 
tity of K derived from the tissues. This indi- 
cates that although K passes into the ECF 
some of it is deviated or combined elsewhere 
in the body. 


Hypertension was sustained by all 19 dogs 
while cardiovascular lesions were observed in 
90% of the animals studied morphologically. 
Whether the electrolytic changes were related 
to the heightened arterial pressure could not 
be ascertained by these studies. 


Conclusions. 1. Bilaterally nephrectomized 
dogs subjected to dialysis, under the condi- 
tions described, tend to gain Na from the 
dialyzing fluid and lose K into the fluid while 
at the same time measurements of the ECF 


volume by radiosulfate suggest a tendency 
toward a decrement of total ECF Na and an 
increment of total ECF K. 2. These findings 
are in keeping with a tendency toward a gain 
of cellular Na and a loss of cellular K. 3. A 
movement of Na into cells may occur even in 
the absence of a positive exogenous Na 
balance. 
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From-the Research Laboratory, Children’s Fund of Michigan and the Department of Physiological 
Chemistry, Wayne University, Detroit, Mich. 


Rose et al.(1) proposed a sheep erythrocyte 
agglutination test for rheumatoid arthritis in 
which the serum of arthritic patients, pre- 
viously treated to remove a non-specific ag- 
glutinating factor, specifically agglutinates 
sheep red cells sensitized with sheep cell anti- 
body. Freund and Stulberg(2), and others 
(3,4) have introduced modifications to in- 
crease the sensitivity of this test and have 
made studies of its reliability. The electro- 
phoretic pattern of plasma from arthritic 
patients shows the presence of a large amount 
of mucoprotein(5,6) and gamma _ globulin 
(7-9), and a characteristic peak in the de- 
scending boundary pattern(10). The factor 
responsible for the agglutination was reported 
to be a globulin(1). We have attempted to 
concentrate the plasma factor responsible for 
this test and to determine its chemical nature. 

Methods and materials. The sheep cell 
agglutination test(1) as modified by others 
(3,4) was further modified and used as fol- 
lows: A. Preparation of Red Blood Cells. 
Sheep red blood cells, preserved with Al- 
sever’s solution, were washed 3 times with 
physiological saline, and used as packed cells, 
and as 1% and 0.5% suspensions in saline. 
B. Preparation of Sensitized Red Blood Cells. 
Commercial anti-sheep red cell hemolysin was 
diluted in serial 2-fold dilution, and 0.5 ml 
of each dilution was mixed with 0.5 ml of a 
0.5% suspension of sheep cells. The mixtures 
were incubated for one hour at 37°C, allowed 
to stand overnight at 4°C, and then examined 
for agglutination of the red cells. The ag- 
glutinating titer of hemolysin was designated 
as the highest dilution which produced ag- 
glutination. Hemolysin solution containing 
Y, ageglutinating titer was incubated with an 
equal volume of a 1% suspension of sheep 
red cells for 30 minutes at room temperature. 
The sheep cells were now designated “sensi- 
tized”. C. Preparation of Patients’ Plasma 
and Observations of Hemagglutination Titers. 


The normal agglutinating component in 
plasma was removed by heating each plasma 
specimen at 56°C for 30 minutes and then 
adsorbing the factor on sheep red cells added 
in the ratio of one volume of packed cells to 
4 volumes of plasma. After 40 minutes the 
red cells were removed by centrifugation and 
the plasma treated a second time with sheep 
cells. The plasma was then diluted in serial 
2-fold dilution to a final concentration of 
1/5120, and 0.5 ml of sensitized sheep cells 
added to 0.5 ml of each dilution. Control 
tubes were prepared by diluting plasma 1/10, 
1/20, and 1/40 and treating 0.5 ml of each 
dilution with 0.5 ml of a 0.5% suspension of 
unsensitized red cells. All tubes were incu- 
bated at 37°C for one hour, allowed to stand 
overnight at 4°C, and the degree of agglutina- 
tion read as 1+, 2+, 3+ or 4+. The num- 
ber of agglutination units present in 100 ml 
of undiluted plasma was defined as the num- 
ber of dilutions required to give a 1+ agglu- 
tination test under the conditions of the test. 
The electrophoretic patterns were obtained 
(11,12) with the Longsworth modification of 
the Tiselius instrument using an acetate 
buffer pH 4.5 for mucoprotein, and a barbital 
buffer pH 8.5 for the other plasma proteins. 
Results. A comparison of the amount of 
the agglutinating factor with the amount of 
mucoprotein in the plasma of normal and of 
diseased patients indicates that the agglutin- 
ating factor is not mucoprotein (Table I). 
High levels of agglutinating factor were al- 
ways associated with high levels of mucopro- 
tein. However, low levels of agglutinating 
factor, particularly in cancer, were also asso- 
ciated with high levels of mucoprotein. In 
addition, it was found that mucoprotein pre- 
pared from arthritic blood having a high 
agglutination titer, by the method of Mehl 
et al.(13) caused no agglutination in the ab- 
sence of other serum proteins. In order to 
concentrate the agglutination factor, pooled 
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TABLE I. Relation of Amount of Mucoprotein to 
Amount of Agglutinin in Plasma. 


Total Mucopro- 

Pa- proteim, tein,rela- Agglutina- 
tient Diagnosis g/100 ml tiveamt tion, units* 

R Normal 7.28 1 20 

WwW 6.89 1 10 

S 7.31 1 20 

N R.A.t 8.10 3 5120 

Wo 9.59 3 80 

D 8.88 3 5120 

O 8.00 2 1280 

P 9,53 1.5 640 

F 7.60 2.5 80 

C Cancer 6.03 3 20 

C 6.99 2 40 

Sh Still’s 7.53 4 160 

disease 


* For definition, see text. 
+ R.A.—Rheumatoid arthritis. 


samples of arthritic plasma were fractionated 
by the Cohn ethanol method(14), by the use 
of sodium sulfate(15) and by dialysis and 
precipitation at low ionic strength. The ad- 
dition of alcohol to arthritic sera caused the 
loss of all agglutinating activity. This was 
unexpected in view of a report by others(16) 
that lipid extraction with an alcohol-ether 
mixture does not destroy this factor. 

In the fractionation of the serum of arth- 
ritic patients by the addition of sodium sulfate 
(Table II), the precipitate obtained at a con- 
centration of 9% contained only a small 
fraction of the agglutination factor present in 
the plasma. Further addition of sodium sul- 
fate to a concentration of 14% gave an addi- 
tional small amount of protein precipitate 
which contained the highest concentration of 
agglutination factor, per gram of protein, of 
any fraction obtained. Further addition of 


sodium sulfate to a concentration of 18.6% 
caused the precipitation of protein possessing 
little activity; the supernatant solution was 
almost devoid of activity. The activity 
present in the original arthritic pool was re- 
covered quantitatively in the various fractions 
within the rather wide limits of error of the 
method of determination. The electrophoretic 
examination of the active precipitate after ex- 
tensive washing with the precipitating salt 
solution revealed the presence of alpha, beta, 
and gamma globulin. Rose e¢ a/.(1) reported 
that the activity was present in electrophoreti- 
cally separated beta-gamma globulin fraction. 


For the separation of the agglutination 
factor by dialysis, 100 ml of pooled plasma 
was dialyzed in Visking tubing against suc- 
cessive 4000 ml volumes of phosphate buffer 
of pH 6.8 and ionic strength varying from 0.1 
to 0.01 (Table III). The precipitate formed 
after each period of dialysis was removed by 
centrifugation and the serum then replaced 
in the Visking tubing and dialyzed against a 
buffer of lower ionic strength. Dialysis was 
carried out at 4°C. For each dialysis 2 days 
were required for the composition of the 2 
solutions to reach equilibrium. High concen- 
trations of the agglutination factor were ob- 
tained in the fractions precipitated at ionic 
strength 0.1 and at ionic strength 0.06 to 0.04. 
This might suggest that the substance is not 
a single factor. The precipitation of the ag- 
glutination factor at ionic strength 0.1, how- 
ever, may well be attributed to adsorption on 
fibrinogen, which is a principal constituent of 
this fraction, rather than to precipitation as 
the free factor. The protein present in this 
fraction had an electrophoretic mobility lower 


TABLE II. Sodium Sulfate Fractionation of Plasma of Arthritie Patients. 


Protein, 
g/100 ml Agglutination, Agglutination, 
Fraction* plasma units t units/g protein 
1. Whole plasma 6.10 640 110 
2. Defibrinated plasma 5.70 1230 220 
3. Precipitate from 9% Na,SO, 20 20 70 
4, Supernatant from (3) 5.10 640 130 
5. Precipitate from 9-14% Na,SO, .36 640 1600 
6. Precipitate from 14-18.6% Na,SO, 1.72 160 90 
df 3.00 20 6 


. Supernatant from (6) 


* Precipitates were formed by successive addition of sodium sulfate to indicated concentra- 
tions. Concentrations are expressed as g/100 ml of final solution. 


+ For definition, see text. 
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TABLE III. Fractionation of Arthritie Plasma by Reduction of Ionic Strength. 


Mobilities of 


electropho- 


retic peaks, 


Protein,t cm?volt*see+  Agglutination, Ageglutination, 
Fraction® g/100 ml alr unitst units/g protein 
1. Whole plasma 8.0 Be 640 80 
5. 
4.0 
2.9 
2.1. 
1.2 
2. Precipitate at ionic strength .10 08 2.0 40) 500 
3 Hip ee - .08 12 4.8 20 166 
2.4 
igi 
4, sf ee “ .06 40 6.1 160 400 
3.0 
2.2 
5 2 * Te a3 04 21 3.2 160 800 
6.3 
6 % hes : .02 54 4.0 320 590 
3.2 
2.7 
ie “4 ae 7 01 50 6.3 40 80 
3.9 
3.1 
2.5 
1.0 


* Precipitates were formed by successive dialyses of plasma of arthritic patients against 
phosphate buffer solutions of pH 6.8 and yarying ionic strengths. 
t As g of protein or agglutination units in 100 ml of plasma or the precipitate from 100 ml 


of plasma. 


than that of fibrinogen (2.0 compared with 
2.4 x 10° cm? volt sec), thus suggesting 
that the fibrinogen might be adsorbed to an- 
other protein. In addition, it was observed 
that in those experiments in which clotting 
occurred during dialysis, a considerable por- 
tion of the agglutination factor was adsorbed 
on the clot. This adsorbed factor could be 
removed from the clot only by prolonged 
washing with physiological saline. When the 
clot was lysed with fibrinolysin, the agelutina- 
tion factor was also destroyed. 

Those fractions precipitated at ionic 
strength between 0.08 and 0.02 contained 
relatively high concentrations of agglutination 
factor. The electrophoretic patterns of these 
fractions showed peaks corresponding to those 
of albumin, alpha and beta globulin, and 
fibrinogen, 6.0, 4.5, 2.9, and 2.4 x 10° cm? 
volt sec, respectively. However, the only 
peak appearing in all the fractions exhibiting 
agglutinating activity is the beta peak (u = 


2.0-3.2 x 102 cm? volt sec), The agelu- 
tination factor appears to be either precipi- 
tated as such or to be adsorbed on the beta 
globulin and then precipitated with this frac- 
tion. The pool of arthritic blood plasma ex- 
hibited an electrophoretic anomaly in the beta 
fraction similar to that reported by Reed 
et al.(10). This anomaly was not observed in 
the electrophoretic patterns of the concen- 
trates. 

A further attempt at purification of the 
agglutination factor consisted of an_ initial 
precipitation with sodium sulfate, added in 
the amount of 18.6 g per 100 ml of final solu- 
tion, and subsequent fractionation by dialysis 
and lowering of the salt content. The highest 
titer of agglutinating factor was again found 
in the fraction precipitating between 0.06 and 
0.04 ionic strength. The activity of the 
various fractions and the electrophoretic 
analyses of the precipitates were essentially 
the same as for the previous experiments. 
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When the concentrated fractions of agglu- 
tination factor were lyophilized, all activity 
was lost. This was unexpected as whole 
plasma containing the active fraction may be 
kept indefinitely when treated in this manner. 


Summary. The active principle responsible 
for sheep cell agglutination test for arthritis 
was purified and concentrated by salt frac- 
tionation and by dialysis against solutions of 
low ionic strength. The most active fractions 
were precipitated as plasma was adjusted from 
a concentration of 9% to a concentration of 
14% sodium sulfate, or. from ionic strength 
0.06 to ionic strength 0.04. The electro- 
phoretic fraction most consistently present in 
the concentrate was beta globulin. The ag- 
glutination factor is adsorbed on fibrin and is 
inactivated during lyophilization of concen- 
trates and by the addition of alcohol to arth- 
ritic plasma. 
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Coral Gables, Fla. 


In the course of experiments on inflamma- 
tory phenomena (to be published) rabbits 
were subjected to extensive thermal injuries, 
and data on erythrocytes, leukocytes, and 
temperature were recorded. It was considered 
worthwhile to make a parallel series of records 
on rabbits treated with cortisone. A com- 
parison of these is the basis for this report. 


Methods. Male New Zealand whites weigh- 
ing 1800 g to 2300 g were used. They were 
given a routine diet of rabbit pellets, greens 
and water during a period of one to 3 weeks 


* We are indebted to Merck and Co. for generously 
supplying the Cortone® Acetate. 


and frequent blood counts were made to estab- 
lish the norm for each animal. None was 
used if significant variations in blood count, 
temperature, or behavior indicated that the 
animal’s health was not normal. Experiments 
were made on 4 groups of 10 each. The fur 
over the back, shoulders, sides and hips was 
sheared closely with clippers. The rabbit was 
anesthetized deeply with ether and the areas 
mentioned were dipped for 5 seconds into 
water at a temperature of 88° to 95°C. Pain 
was prevented by frequent injections of 
morphine during the subsequent 24 hours. 
Blood counts and temperature were taken at 
intervals ranging from 30 minutes to 7 hours 
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and again at 24 hours, after which the animal 
was anesthetized and killed. The scalded 
areas were estimated at about % of the total 
skin surface. One group of 10 rabbits had 
received cortisone by intramuscular injection 
as follows: on the day before experimentation, 
2 injections of 12.5 mg each, and one injection 
of the same amount just before the experiment 
began. The same dosage of cortisone was 
given to another group of 10 rabbits before 
thermal injury by freezing. Rabbits were 
prepared and anesthetized for freezing as de- 
scribed above for scalding. A freezing mix- 
ture was made by placing lumps of solidified 
CO. (dry ice) into a basin of 95% alcohol. 
The back, shoulders, sides and hips of the 
animal were immersed in this for 60 seconds 
at temperatures ranging from -—%S0O°C to 
—60°C. Two groups of 10 each were sub- 
jected to freezing. Anesthesia, tests and 
after-treatment were identical to those de- 
scribed for injury by heat. 


Results. Erythrocytes. A prompt increase 
in the count of red cells occurred in every in- 
stance. This was evident in some rabbits 
within 15 minutes after scalding and reached 
its maximum within one to 6 hours. The 
average degree of hemoconcentration for each 
group and the speed of its development are 
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FIG. 1, Hemoconcentration after Stress by Heat. 
Red cells in millions are shown at the left; elapsed 
time in hr is shown at the bottom. The upper 
graph represents untreated animals; the lower 
graph represents animals treated with cortisone. 
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FIG. 2. Hemoconcentration after Stress by Freez- 
ing. Details as for Fig. 1. 


shown graphically in Fig. 1. Fig. 2 portrays 
the same features after freezing. 

The curves in Fig. 1 depict the rapid de- 
velopment of hemoconcentration in animals 
after stress by heat. The average concentra- 
tion of erythrocytes rose sharply after injury 
and reached its peak 2 hours later. In con- 
trast, the rise was more gradual in the corti- 
sone-treated animals. The peak was lower 
and was reached 3 hours later than that of 
the untreated group. This represents a time 
lag of 150%. In other words, the develop- 
ment of hemoconcentration was definitely re- 
tarded under the influence of cortisone. The 
variations in hemoconcentration after stress 
by freezing (Fig. 2) are of the same kind but 
less in degree than those after injury by heat. 
Again, the curve in cortisone-treated animals 
rose more slowly and reached its maximum 
3 hours later than that of the untreated group. 
The fact that these curves are lower than in 
Fig. 1 may indicate that scalding was a more 
severe injury than freezing. We have found 
no reports on the effects either of ACTH or of 
cortisone upon hemoconcentration during 
stress of whatever origin. 

It is well known that hemoconcentration 
develops in man after severe burns. Usually 
this subsides within 2 or 3 days and is suc- 
ceeded gradually by anemia. Students of 
capillary physiology have attributed hemo- 
concentration to endothelial effects. Krogh 
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(1) and Lewis(2) showed that when epider- 
mal cells are injured by light, heat, trauma, 
various toxins or chemicals, they release 
a substance (H-substance—Lewis) which 
causes dilation and increased permeability of 
the capillaries locally. This results in hy- 
peremia and edema, due to leakage of plasma 
into the tissue spaces. Landis(3) stated that 
any type of injury to endothelium increases 
the permeability of capillaries to the plasma 
colloids. Loss of plasma leaves the blood 
more concentrated. There is evidence(4) 
that in cases of extensive injury the capillaries 
in systemic areas are similarly affected, though 
not everyone supports this belief. Certainly 
in extensive burns in man, the ensuing hemo- 
concentration is due largely to local loss of 
plasma as blister fluid. Burns do not cause 
blisters nor denuded oozing surfaces on rab- 
bits and other animals, but local edema de- 
velops under burned areas. Whether or not 
superficial burns produce capillary permea- 
bility in systemic areas, the present knowledge 
of capillary physiology supports the explana- 
tion that hemoconcentration after burns re- 
sults from abnormal permeability of endo- 
thelium to plasma colloids. 

Kendall(5) demonstrated that one im- 
portant function of adrenal cortical hormones 
is to govern permeability and to control the 
movement of water and of electrolytes be- 
tween the blood and the tissues. This has 
been substantiated by Selye(6) and others, 
and it has been shown that Compound E 
(cortisone) is largely responsible for this 
effect. Best and Taylor(7) state that the 
cortical steroids reduce capillary permeability. 
Ebert(8) and Lurie(9) reported that corti- 
sone has this effect in reactions to injury. 
Balourdas and Chambers(10) found that cor- 
tisone caused a striking reduction of capillary 
leakage in the exteriorized mesoappendix of 
rats. We(11) found a definite decrease in the 
amount of edema formed in experimental in- 
flammation under cortisone treatment. This 
was attributed to lessened capillary permea- 
bility. Whitelaw(12) used ACTH in the 
treatment of patients suffering extensive 
burns; he reported that oozing from burned 
surfaces decreased progressively. Hemocon- 
centration after burns and early in secondary 


shock from other causes is accompanied by 
a decrease in the volume of circulating blood. 
The evidence cited indicates that this is due 
to leakage of plasma through abnormally per- 
meable endothelium and that cortisone tends 
to lessen this effect. Hence cortisone tends to 
sustain the blood volume and to retard hemo- 
concentration. We have found no report 
that cortisone actually increases blood volume 
except after prolonged use, when signs of 
Cushing’s syndrome develop. Finch eé al. 
(13) recorded blood volumes and other items 
in 20 patients during several courses of corti- 
sone treatment; no significant changes in 
blood volume were found. We believe that 
the retarded hemoconcentration in our experi- 
ments was due to the effects noted by these 
authors. We have no evidence whether the 
lessened permeability caused by cortisone 
was other than local. 

Leukocytes. Cortisone caused a significant 
reduction in the total count of white cells in 
the blood. This leukopenia explains the low 
initial point for the leukocytic curves of cor- 
tisone-treated animals in Figs. 3 and 4. In 
17 rabbits, differential counts had been made 
both before and after cortisone was given and 
prior to thermal injury; in 3, only total 
white counts had been made. The average 
white cell count of this group was 6,350. 
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FIG. 3. Leukocytosis after Stress by Heat. Leuko- 

cytes in thousands are indicated at the left; elapsed 

time in hr is shown at the bottom. Untreated and 

cortisone treated animals are shown on the upper 
and lower graphs respectively. 
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FIG. 4. Leukocytosis after Stress by Freezing. 


Details as in Fig. 3. 


This decline is attributed largely to lympho- 
cytopenia after cortisone treatment. The 
average percentage of lymphocytes in this 
group was 58%; after cortisone injections 
and before injury, the lymphocyte count 
dropped to 27%—a difference of 31%. Now, 
if 8,775 is reduced by 30%, it leaves 6,143 
which is near to 6,350—the average total 
white count found after cortisone treatment. 
The lymphocytopenic effect of cortisone has 
been observed by other workers (see Dough- 
erty) (14). It is well known that extensive 
superficial burns in man cause an immediate 
leukocytosis. We have not found similar re- 
ports after exposure to severe cold, though 
this is certainly a powerful stressing agent. 
In the experiments here described, white cell 
counts were made both before and at intervals 
after thermal stress, both heat and cold, in 
10 cortisone-treated and in 10 untreated 
rabbits. The results are shown graphically 
in Figs. 3 and 4. 


It is seen (Fig. 3) that a sharp rise in the 
total white count occurred immediately after 
injury by heat, and reached its peak 4 hours 
later. In the cortisone-treated animals the 
rise was more gradual, the peak was not so 
high and was reached 2 hours later than in 
the untreated group. Differential counts 
showed the increase to be in the percentage 
of polymorphonuclear cells. There was a 
moderate decline in the percentage of lympho- 


cytes found in the blood of the untreated 
animals. Before stress by heat, the lympho- 
cytes were 54.7% in this group; 4 hours later 
it had declined to 42.2%. Probably this-has 
little significance, since the high increase in 
neutrophiles would result in a lower relative 
percentage of lymphocytes. Leukocytosis in 
each group had decreased greatly in 24 hours, 
but had not subsided completely. No exam- 
inations of blood were made during the inter- 
val between 7 and 24 hours. 

We(15) have shown evidence that sub- 
stances derived from damaged cells attract 
leukocytes into areas of local injury, as after 
burns, freezing or trauma. One of us(16) ad- 
vanced the explanation that probably the 
same substances produce a systemic mobiliza- 
tion of leukocytes when released in large 
amounts by extensive injuries of the same 
kind. The fact is well attested that extensive 
burns or trauma are followed promptly by 
leukocytosis. This occurs too rapidly and 
subsides too soon to be caused by infection. 
Our results indicate that cortisone retards the 
leukocytosis which follows burns. 

After freezing, blood counts made at 30 
minutes and at 60 minutes showed a decline 
in white cells in the 10 untreated animals 
(Fig. 4). This was followed by a sharp rise 
reaching its peak 4 hours after the injury. 
In the cortisone-treated animals, no significant 
changes occurred until 2 hours after freezing, 
and the peak was reached at 7 hours—3 hours 
later than in the untreated group. Appar- 
ently, cells injured by freezing do not so 
promptly liberate substances which affect the 
count of leukocytes, as do cells injured by 
heat. 

Summary. 1. Our results indicate that cor- 
tisone inhibits and retards the development of 
hemoconcentration after thermal stress in 
rabbits. We attribute this to its property of 
maintaining endothelial impermeability. 2. 
After injections of cortisone the total white 
cell count is lowered, due largely to severe 
lymphocytopenia. This finding agrees with 
previous reports by others. 3. Thermal stress 
in rabbits is followed by leukocytosis. This is 
of less degree and develops more slowly under 
the influence of cortisone. 
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In the course of investigations on the effects 
of various inhibitors on human cancer patients 
(1), it was noted in cases with co-existent 
hypertension that the acute administration of 
sodium azide caused a temporary lowering of 
the blood pressure toward normotensive levels. 
In contrast, comparable doses of azide pro- 
duced no appreciable change in the blood 
pressure of normotensive individuals. These 
incidental observations led to a more extended 
study of the hypotensive effect of sodium 
azide in both man and experimental animals. 
A review of the literature indicated that 
Graham(2) had made an intensive study of 
the pharmacological effects of sodium azide. 
However, he made no mention of its effect on 
hypertensive patients. Page and Olmsted(3), 
as an incidental finding in studies on vascular 
reactivity, mentioned the greater susceptibil- 
ity of dogs with either renal or neurogenic 
hypertension to the acute hypotensive effects 
of sodium azide. 


* This investigation was supported by a grant from 
the Leukemia Research Foundation. 


In view of the finding that sodium azide, a 
known metabolic inhibitor(4), produced a 
more pronounced lowering of blood pressure 
in hypertensives than in normotensives, it ap- 
peared of direct interest to use sodium azide 
as a tool for investigating hypertensive disease 
in man and experimental animals. Further- 
more, the possibility was entertained that re- 
peated administration of azide to hyperten- 
sives might so alter tissue metabolism as to 
result in a sustained lowering of the blood 
pressure. Although the drug is usually con- 
sidered to be highly toxic, it should be noted 
that the lethal range (10 mg/kg subcut.) (5) 
is far in excess of the oral dosage required to 
produce a fall in blood pressure (.01-.02 
mg/kg). 

Materials and methods. A comparison was 
made between the effects of sodium azide in 
normotensive and hypertensive individuals. 
Included in the normotensive series are nor- 
mal healthy controls (students, laboratory 
personnel), as well as patients suffering from 
diverse types of cancer. The patients with 
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EFFECT OF ORAL SODIUM AZIDE ON BLOOD PRESSURE 


Original Response 


BLOOD PRESSURE (mm Hg) 


Response after |.3mg NaNg tid. for & days 


wv. P.() 
AGE - 60 YRS. 


ESSENTIAL 
HYPERTENSIVE 
(6 YRS. DURATION) 


TIME IN MINUTES 
FIG. 1. Acute hypotensive action of sodium azide (oral) on blood pressure of hypertensive 
patient M.R. Blood pressure recorded in sitting position 205/110. Effect on B.P. with first 
administration of drug, as indicated in graph on left hand side of figure, remained at this level 
for 15 min. before returning to the original hypertensive level. Following continued treatment 
with azide for 8 days, the acute hypotensive effect persisted for more than 45 min., especially 
noticeable in diastolic pressure readings. 


elevated blood pressures were documented 
cases of essential hypertension, recorded from 
12 months to as long as 10 years. Several 
patients with renal parenchymatous damage 
were also studied. Sodium azide was adminis- 
tered orally, except in selected cases where a 
comparison was made of the response to sub- 
lingual and intravenous administration. Blood 
pressure measurements were made by the con- 
ventional inflated cuff procedure, with the pa- 
tient in a sitting position. Several readings 
were obtained prior to the administration of 
the drug, after basal conditions had been 
established. The lowest of 3 blood pressure 
determinations was taken as the basal pre- 
treatment level. Repeated blood pressure 
readings rarely differed by more than 15 mm 
Hg for the systolic values. Determinations 
were made at 2- to 5-minute intervals follow- 
ing the acute administration of sodium azide 
until the pressure had either returned to its 
original level, or had stabilized at a new level. 
Because of the rapidity of the fall in blood 
pressure, these necessarily represent single 
readings for each value recorded (Fig. 1). 
Sodium azide, which is tasteless in aqueous 
solution, was administered without informing 
the patient of either the nature of the drug, 


or the change to be expected. Doses of 0.65 
mg and 1.3 mg dissolved in half or quarter of 
a glass of water were used in the initial ex- 
periments. Later it was found that the pre- 
scribed dosage in a teaspoon of water was. 
equally effective. In addition to a study of 
the acute changes produced by sodium azide, 
the effects of chronic administration were ob- 
served in a selected group of patients. In 
this series, the patients were instructed to take 
the sodium azide orally (0.65-1.3 mg) 3 to 5 
times a day. 

Results. I. Acute effects. Oral adminis- 
tration of sodium azide to hypertensive pa- 
tients resulted in a rapid fall in blood pres- 
sure. In some patients a hypotensive effect. 
was observed as early as 45 to 60 seconds. 
after the drug had been taken. Fig. 1 illus- 
trates the character and the rapidity of the 
change in blood pressure following several 
doses of sodium azide. After testing the 
acute response to azide, the patient, M.R., 
was placed on a regime of 1.3 mg orally t.i.d. 
When examined 8 days later, the basal pres- 
sure was 180/105. A hypotensive response to. 
the acute administration of azide was again ob- 
tained, as depicted in the accompanying graph 
(Fig. 1). After 36 days, the hypotensive: 
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response to 1.3 mg of azide was even more 
pronounced than originally. Several features 
of the response of different patients to sodium 
azide deserve comment. Although the actual 
fall in systolic pressure in mm Hg was con- 
siderably greater than the change in diastolic 
pressure, it should be noted that the diastolic 
pressure more often approached normal values 
than did the systolic. The fall in blood pres- 
sure was not accompanied by any significant 
change in pulse or respiratory rate. Flushing 
of the face was not observed. The majority 
of patients did not develop orthostatic hypo- 
tension, even after exercise. It is pertinent 
to note that exercise during the acute hypo- 
tensive phase did not cause any significant 
elevation in pressure; in fact, most patients 
exhibited a further lowering of diastolic pres- 
sure (5-10 mm Hg). The acute effects of 
sodium azide, in doses of 0.65 mg and 1.3 mg 
on the systolic and diastolic pressures of nor- 
motensive and hypertensive subjects are sum- 
marized in Fig. 2 and 3. The hypotensive 
action of azide appeared to be more closely 
related to the height of the initial blood pres- 
sure than to the dose level of the drug. In 13 
patients whose initial systolic pressures were 
equal to or greater than 190 mm Hg, the acute 
drop in pressure averaged 43 mm Hg (range 
—30 to —65 mm Hg). In contrast, in 9 
relatively normotensive individuals, whose 
systolic pressures were below 140, only a 
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FIG. 2. Acute effect of oral sodium azide on B.P. 

of 35 patients plotted in relation to original sys- 

tolic pressures. The change in blood pressure in- 

dicated represents maximum fall after administra- 

tion of the drug. Depressant action of sodium 

azide was greatest in individuals with highest basal 
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FIG. 3. Acute effect of sodium azide on B.P. of 35 
patients (as in Fig. 2) plotted in relation to orig- 
inal diastolic pressures. Hypotensive action mcst 
pronounced in patients with highest initial values. 


minor effect on the blood pressure occurred—a 
mean value of —4 mm Hg (range +12 to 
—22 mm Hg). A similar relationship was 
also observed with regard to the effect of azide 
on the diastolic pressure. No apparent refrac- 
toriness to the drug developed with repeated 
administration, comparable and even greater 
falls in blood pressure being elicited when the 
azide was administered acutely as many as 
ten to twelve times to the same patients at 
intervals of several days to several weeks. 
Several patients were studied repetitively for 
the acute effects of sodium azide for periods 
in excess of one year. 

Il. Chronic effects. Observations have also 
been made on a group of 39 patients who re- 
ceived sodium azide over periods varying from 
5 days to more than 2 years. Of this group, 
9 served as normotensive controls (diastolic 
pressures less than 90 mm Hg), while the 
remaining 30 had varying degrees of systolic 
and diastolic hypertension. Neither the diet 
nor physical activity was restricted during the 
study. The administration of as much as 1.3 
mg of sodium azide 3 times daily for ten days 
to normotensive individuals had no sustained 
effect on the blood pressure. The effects of 
sodium azide on 30 hypertensives are indi- 
cated in Table I. The blood pressure values 
represent the reproducible reading (at least 
3 to 4 times) obtained under standard basal 
conditions in the sitting position after the pa- 
tient had been allowed to rest for 5 minutes, 
Blood pressure was routinely recorded from 4 
to 12 hours after the last dose of azide had 
been taken. The response of these patients 
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TABLE I. Effect of Sodium Azide on Blood Pressure of Hypertensives. 
— Azide ait Blood pressure- — 
Duration Pre- Post-treatment 

Patient Dose (mg) (days) treatment Acute Chronic Remarks 

OFD: IR Gil: 5 270/140 200/110 187/112 Discontinued because of severe epis- 
taxis 

NP. Maiq Veatlecol 7 205/110 140/ 90 180/105 

1d, sth wel, 7 176/108 176/108 1627 95 

Gaane 24 tele s 7 186/ 90 140/ 80 1557 88 

M. R. lo 10 205/110 145/ 90 195/ 95 : 

1251S .65, q.d. 10 220/140 —- 165/140 B.P. varied during day; renal paren- 
chymatous damage 

Cas deo Wivgiave 10 1507 90 15/ 75 15/75 

inj., q.d. 

F.G 1.3, idem. 10 165/116 140/ 92 1380/ 95 

Gace ASD) -sreale(O ko 10 195/108 1557 85 1407 90 

Dye 1G ee 14 210/140 161/ 85 1557 76 

L. W. L005 15 210/120 182/110 178/100 

BK. L. oe i iy palsy 1345) 142/102 210/130 Renal parenchymatous damage 

J.S. Govmee 18 210/180 158/195 175/105 

Ss. W. eo fe a 250/105 205/ 95 250/105 Advanced arteriosclerosis: 

B. A. 3), Gel 21 186/104 115/ 68 120/ 80 B.P. remained normal 7 wk post-treat- 
ment 

lols iLB, Gael 21 200/120 160/110 160/100 Previously treated with apresoline un- 

successfully 

wile 165% 21 160/112 148/ 75 145/ 85 

H.'s. LOD sae ral 210/110 +1607 90 160/ 90 B.P. remained normal for 14 days post- 

; treatment 

BAC Om, 30 195/110 140/110 1385/ 95 

Te Se AS), 30 180/110 140/ 90 140/ 90 B.P. remained at low level for several 
weeks after drug 

Vy le 2 30 260/105 200/ 80 260/100 

A. KK. od; 30 182/100 135/ 84 145/ 95 Sympathectomy 7 yr previous 

Woe Ailes Le 60 170/115 =140/7 90 150/ 95 

A.S. Ant Xe 60 280/128 195/ 95 234/110 

M. W. ABB, 90 198/110 144/ 92 160/ 90 

F.R. Syn 250 195/110 =150/ 85 135/ 80 Off medication 2 mo—B.P. unchanged 

dn oiSh Aaa, 275 75/110 145/ 90 130/ 90 = 

ISG, las 7s 365 200/120 125/ 88 155/100 

EK. M. ileaye : 1.5 yr 220/125 190/100 1757 90 B.P. remained at low level for 4 mo 
after drug withdrawal 

B. M. Oonae 2.5 yr 180/100 120/ 70 160/105 3 yr postsympathectomy—showed in- 


creased sensitivity to azide, 0.3 mg 
drops B.P. to 70/40 


fell into 3 categories: (1) Five cases showed 
only minimal changes in blood pressure after 
chronic administration. (2) In 10 patients 
the blood pressure showed a significant fall 
with azide, but the diastolic pressure remained 
above 100 mm Hg. (3) In the remaining 15 
hypertensive patients, both the systolic and 
the diastolic pressure was maintained at near 
normotensive levels throughout the period of 
medication. Treatment with azide brought 
about a fall in blood pressure to normotensive 
levels which persisted for periods ranging from 
14 days to 2 months, in 5 of the patients 
after the drug had been withdrawn. In these 
5 cases some doubt may be entertained as to 


the validity of the blood pressure lowering 


effects of the sodium azide per se. It should 
be emphasized that all 5 cases had well- 
documented histories of persistent hyperten- 
sion for periods of at least Z years. Also it 
should be noted that at the onset of treatment, 
all these hypertensives exhibited a_ typical 
blood pressure response to the acute admin- 
istration of sodium azide. The more Common 
occurrence (22 out of 26) was a gradual re- 
turn of the blood pressure within 1 to 3 days 
to hypertensive levels after withdrawal of the 
drug. During the period of sodium azide 
treatment, a majority of patients showed a 
definite improvement in their subjective symp- 
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toms, especially as regards headache, chest 
pains, and general mental outlook. 

III. Toxicity. Three patients have been 
taking sodium azide daily for more than one 
year without evidence of damage to organs, 
such as the kidney, heart, liver on the basis 
of routine clinical studies. Kidney function 
was not impaired as evidenced by the quality 
and quantity of urine output, blood urea N 
and NPN. In contrast to the reported effects 
with hexathonium(6,7), there was no evidence 
of a change in bowel habits or urinary func- 
tion. An occasional patient complained of a 
transient sensation of pounding in the head 
shortly after taking the drug. In 20 of the 
patients, continued treatment with sodium 
azide was followed by an increased sensitivity 
to the drug, necessitating a reduction in the 
daily dosage from 0.5 to 0.25 mg t.i.d. 

IV. Mode of administration. Because of 
the unusual rapidity with which the decline 
in blood pressure developed following oral 
azide, studies were carried out with several 
different methods of administration. Sodium 
azide was administered intravenously as an 
infusion of 5% glucose solution containing 
3.0 y/ml of the drug. It was found that an 
infusion rate of 10 y per ten minutes sufficed 
to lower and to maintain the blood pressure 
of a hypertensive patient from a level of 190/ 
110 to 150/85 mm Hg for a period of several 
hours. Sublingual administration was intro- 
duced on the premise that this route might 
provide a more ready absorption of azide into 
the blood stream than oral per se. Tests per- 
formed on 3 hypertensives indicated that three 
drops containing a total of 0.1 mg by sub- 
lingual route were as effective as 0.65 mg 
orally. 

V. Animal experiments. Experiments were 
carried out on normotensive and hypertensive 
rats (renal) in an attempt to clarify the mech- 
anism of action of sodium azide. Several per- 
tinent observations warrant discussion at this 
time. As in man, azide lowered the blood pres- 
sure of renal hypertensive rats from a level 
of 180-200 mm Hg (mean pressure by direct 
cannulation) to 120-130 mm Hg. As little as 
0.1 mg of azide (150-180 g, body weight) was 
sufficient to produce a fall in blood pressure 
of 30 to 45 minutes duration in animals made 
hypertensive three months previous by either 


a figure-of-eight loop on the kidney or by 
partial ligation of the renal artery. The intra- 
venous administration of comparable doses of 
azide to normotensive rats, either acutely or 
by slow infusion, had no effect on blood pres- 
sure. In contrast to other hypotensive drugs, 
azide, administered to rats which had been 
subjected to hemorrhage until a blood pres- 
sure of 40 mm Hg was achieved, produced no 
deleterious effect on either the blood pressure 
or the peripheral circulation as visualized in 
the mesentery. Sodium azide (.01-.5 mg), 
applied to the surface of the mesentery, had 
no direct dilating action on the constricted 
blood vessels in the terminal vascular bed of 
rats subjected to hemorrhage. 

Discussion. Sodium azide has been found 
to be more effective in lowering the blood 
pressure from hypertensive toward normoten- 
sive levels than it is in dropping the blood 
pressure below control levels in normotensive 
individuals. The blood pressure was lowered 
in patients with essential hypertension, as well 
as in several with elevated blood pressure as- 
sociated with renal parenchymal damage. 
Comparable hypotensive effects were observed 
in hypertensive rats treated both acutely and 
chronically with the drug. Repetitive admin- 
istration on the drug over periods of 10 days 
or longer resulted in the appearance of an 
increased effectiveness in an appreciable per- 
centage of patients tested, manifested by a 
greater hypotensive effect following equiva- 
lent doses and/or progressively more sustained 
periods of normotensive levels. In the present 
series it was not possible to predict on the 
basis of previous clinical history which of the 
patients would respond best to sodium azide. 

In view of the small size of the present 
series of cases treated with sodium azide, it 
should be emphasized that its clinical evalu- 
ation must await considerable further investi- 
gation, especially in terms of the mode of 
administration and the possible use of other 
azide derivatives. The necessity remains to 
rule out all possible toxic effects of long con- 
tinued administration of sodium azide before 
routine use in the treatment of hypertension 
is attempted. Because of its known effects on 
specific enzyme systems im vitro, such as 
cytochrome oxidase(8), catalase, peroxidase, 
carbonic anhydrase, and possibly transphos- 
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phorylation(9), sodium azide provides an in- 
teresting metabolic tool to investigate the 
pathogenesis of hypertension along biochemi- 
cal lines. 

Summary. 1, A comparison was made be- 
tween the effects of sodium azide in both 
normotensive and hypertensive patients. Duses 
of 0.65-1.3 mg, administered orally, had a 
rapid hypotensive effect which persisted from 
10-15 minutes. When given chronically to 
hypertensives (0.6-1.3 mg 3 to 4 times daily 
for periods up to 2 years), sodium azide pro- 
duced a sustained lowering of the blood pres- 
sure toward normotensive levels. Repeated 
administration of the drug results in a greater 
hypotensive effect following equivalent doses 
and/or a progressively more sustained period 
of normotensive blood pressure levels. The 
observations indicate that a significant differ- 
ence exists in the relative sensitivity of hyper- 
tensive and normotensive individuals to the 
hypotensive effects of sodium azide. 2. Intra- 
venous injection of the drug to animals sub- 
jected to hemorrhage had no dilating effects 
on the constricted blood vessels in the exter- 


iorized mesentery. Sodium azide (0.5 mg/100 
g body wt) lowers the blood pressure of hyper- 
tensive rats. The observation that sodium 
azide in hypertensives rarely lowers the ele- 
vated blood pressure below normotensive levels 
suggests a general non-specific action of the 
drug on all vascular beds. 
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Effect of 17-Vinyltestosterone on the Mammae, Uteri, Thymus, and 


Adrenal Glands of Spayed Female Mice. 


Dy Ss Reuse 


(20771) 


(Introduced by R. Gaunt.) 


From the National Institute for Researrch in Dairying, University of Reading, England. 


17-vinyltestosterone appears to be an inter- 
esting steroid in that it shows evidence of 
androgenic activity (Kochakian(1), Leathem 
(2)) and also indications of corticoid activity 
(Lewis, de Majo & Rosemberg)(3) but did 
not support lactation in adrenalectomized rats 
in doses up to 2 mg daily (Flux)(9). It is 
closely related structurally to ethinyl testos- 
terone (pregneninolene, anhydrohydroxy pro- 
gesterone) which has progesterone-like, oestro- 
genic and androgenic activities (Emmens & 
Parkes(4), Chamorro(5-7)). Since androgens 
and at least one 11-deoxycorticosteroid, 11-de- 
oxycorticosterone acetate (see review by Fol- 
ley(8)), have been found to promote growth 
of the mammae in experimental animals, it 
was decided to investigate the effect of 17- 


vinyltestosterone on the mammary glands of 
spayed mice, and in addition to collect data 
on its effects on body weight, uterus weight 
and on the weight of the thymus and adrenal 
glands. 

Methods. Female mice of the CHI strain 
were ovariectomized at 14 days of age and 
weaned at 21 days. Mice in one group of 6 
animals were each subcutaneously implanted 
with one 100 mg tablet of 17-vinyltestoster- 
one, those in another group were each given 
four 50 mg tablets and 6 otherwise untreated 
ovariectomized mice and 6 intact mice were 
used as controls. The animals were killed at 
42 days of age and the uteri and the thymus 
and adrenal glands were weighed. The uteri 
were split and blotted to remove any fluid in 
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the lumina. Whole mounts of all the mam- 
mary glands were prepared and the total area 
covered by each set of glands was determined 
by placing the slides in a projector and meas- 
uring the area covered by the image of the 
separate glands with a planimeter and sum- 
ming for each mouse. To obtain an objective 
measure of the degree of branching of the 
duct systems the images of the first 2 pairs of 
thoracic glands were projected and the number 
of junctions between ducts counted. In the 
case of the larger and more complex duct sys- 
tems the images were projected onto squared 
paper (one inch squares for larger and half 
inch for smaller glands) and the number of 
duct junctions in a quarter (with a minimum 
of eight) of the squares covered by the image 
were counted. These, together with the num- 
ber of squares covered, made it possible to 
estimate the number of duct junctions per 
gland. 


Results. ‘The results are shown in Table I. 
The mice implanted with one 100 mg tablet 
vinyltestosterone absorbed an average of 0.88 
mg per day and those given four 50 mg tablets 
absorbed almost twice as much, 1.61 mg daily. 
Although the mean body weights of the mice 
given vinyltestosterone were higher than those 
of the mice in the control groups the differ- 
ences were not significant. At both dose levels 
vinyltestosterone caused an increase in the 
mean total area of the mammae over that of 
the ovariectomized control mice but neither 
approached that of the intact control mice. 
The number of duct junctions was increased 
in the treated mice and in those given the 
higher dose the mean number of duct junctions 
per unit area was considerably greater than in 
the other groups, including intact controls. No 
alveoli were seen on any of the duct systems. 
Vinyltestosterone caused considerable  in- 
creases in the weight of the uteri, although the 
means did not reach that of the intact con- 
trols. It also caused a depression in thymus 
weight and in the case of the higher dose, in 
adrenal gland weight. In all cases the effect 
of the higher dose exceeded that of the lower. 


Discussion. 17-vinyltestosterone was sim- 
ilar to the closely related compound ethinyl 
testosterone (pregneninolene) tested by Cha- 
morro(5-7) in that it promoted growth of the 
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mammary duct systems of spayed female mice. 
Differences in numbers of duct junctions per 
unit area must be interpreted cautiously be- 
cause, in the mammae of intact or oestrogen- 
treated spayed mice the density of duct junc- 
tions is not related in a simple manner to the 
area of the duct system (Flux) (9). However 
the number of duct junctions per unit area in 
the mammae of the mice treated with vinyl- 
testosterone was much greater than in those 
of comparable sizes in either intact or oestrone 
treated spayed mice in other experiments 
(Flux) (9) and it appeared certain that vinyl- 
testosterone stimulated the growth of side 
branches in the duct systems. As far as ef- 
fects on the weight of the uteri, and thymus 
and adrenal glands of spayed mice were con- 
cerned the results of this experiment were in 
accordance with those of Kochakian(1) and 
Lewis e¢ al.(3). 

Summary. 17-vinyltestosterone promoted 
growth in the extent and in the degree of 
branching of the mammae of spayed female 
mice but did not cause growth of alveoli on 
the duct systems. It also caused increases in 
the weight of the uteri of spayed mice and 


Effect of Aureomycin in Preventing Liver Abscess in Cattle.* 


J. Matsusuima, T. W. Dowe, ano C. H. Apams. 


depressed the weights of the thymus and 
adrenal glands. 


I am indebted to Dr. S. J. Folley for his interest 
in this experiment which was carried out in his 
laboratory and to Ciba Ltd., Horsham, England, 
through the courtesy of Dr. C. W. S. Taylor, for 
vinyltestosterone given to Dr. Folley. During the 
course of the work I received financial support from 
Dairy Research Institute, New Zealand, and from 
Department of Scientific and Industrial Research 
(N.Z.) as a National Research Fellow. 
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(20772) 


(Introduced by E. L. R. Stokstad.) 


From the Department of Animal Husbandry, University of Nebraska, Lincoln. 


Liver abscesses result in the condemnation 
of about 5% of the livers from cattle slaugh- 
tered in Federally inspected meat packing 
plants in the United States. This loss amounts 
to more than $2,000,000 annually. According 
to the National Livestock Loss Prevention 
Board(12), the regional incidence of ab- 
scesses, telangiectasis and “sawdust”? is high- 
est in the western states. Jensen, et al.(8) 


* Published with the approval of the Director as 
Paper No. 640, Journal Series, Nebraska Agric. Exp. 
Station. 

tA term used to designate a condition of liver 
characterized by many areas of focal necrosis spread 
throughout the liver or localized giving the appear- 
ance of sawdust on the liver. 


found that liver abscesses develop in signifi- 
cant numbers, both in the feed lot and on the 
range. Abscesses appear to develop 80 to 120 
days after the cattle are placed in the feed 
lot. These investigators also observed that 
telangiectasis develops early and abscesses 
form later in the fattening period. The 
studies of Smith(14) indicate that there is a 
definite relationship between ulcers of the ru- 
men and abscesses of the liver in beef cattle. 
A recent study by Jensen(9) shows a direct 
relationship between liver abscesses and sto- 
mach injuries. Newsom(13) and Yamamoto 
(15) in separate investigations found that the 
predominating organism in abscessed livers 
was Actinomyces necrophorus. Merchant(11) 
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classifies the same organism as Spherophorus 
necrophorus. The organism appears to be a 
normal inhabitant of animal tissues. Animals 
are not immunized against liver abscesses 
when cultured filtrates of Spherophorus necro- 
phorus are given intraperitoneally(9). Since 
the organism is frequently a secondary invader 
in other diseases in which primary necrosis 
or destruction of tissue exists(11), this may 
account for its failure to be cultured under 
im vivo conditions in cattle. However, acute 
hepatic necrosis has been produced experi- 
mentally in rats kept on a diet low in casein 
(2,3) and also on rations containing yeast as 
the sole source of protein(7). When aureomy- 
cin was added to a necrogenic yeast diet (4) it 
was found to have a significantly beneficial 
effect by preventing experimental hepatic nec- 
rosis in rats. The assumption is made that 
aureomycin might act through the suppres- 
sion of the intestinal flora. Abell and Bwer- 
idge(1) demonstrated that sulfaguanidine 
also delayed the development of liver necrosis 
in rats. Dietary imbalances, such as exces- 
sive fat(5,10), carbohydrate(6), or proteins 
(3) have not been consistent in the develop- 
ment of necrosis in the liver of rats. 

The primary objective of the experiment 
in which the following results are reported was 
to study the effect of aureomycin in control- 
ling calf scours. The observations of the con- 
dition of the livers were made at the time of 
slaughter following feeding experiments. 


Methods. The Milking Shorthorn calves 
used in these experiments were born during 
the 1950-51 or the 1951-52 seasons. The new- 
born calves were given special aureomycin 
tablets or aureomycin capsules? orally each 
day for 12 weeks. The tablets and capsules 
were composed primarily of sugar base and 
contained 15 mg aureomycin. The calves were 
paired as evenly as possible with respect to 
birth weight, age, and age of dam. One calf 
of each pair was given an aureomycin tablet 
immediately or shortly after receiving colost- 
rum. Some of the paired calves were fed 
-milk from nipple pails while others were put 


¢ The aureomycin-hydrochloride for the capsules 
and the aureomycin tablets were supplied through 
the courtesy of Lederle Laboratories Division, Ameri- 
can Cyanamid Co., Pearl River, N. Y. 


on nurse cows. The antibiotic tablets or 
capsules were given to the test calves in both 
groups (bucket-fed and calves on nurse cows) 
at the rate of 15 mg per head daily. The ani- 
mals used in the 1951-52 fattening test were 
given one aureomycin tablet or capsule daily 
during the first 12 weeks after birth while the 
animals in the 1952-53 feeding test were given 
two aureomycin tablets every other day. 


Results. No case of scours was observed 
in the test groups which received aureomycin. 
The calves in the control groups which re- 
ceived no aureomycin scoured intermittently. 
Severe cases of scours were observed during 
the first 6 weeks following birth. Approxi- 
mately 20 percent larger gains were made by 
the calves which received a daily intake of 15 
mg of aureomycin. All of the calves were 
weaned at approximately 196 days of age. 
The animals fattened during 1951 and 1952 
were put in a dry-lot and shortly after wean- 
ing they were fed a ration consisting of 60% 
corn, 20% oats, 13% dried beet pulp and 
7% soybean oil meal. Alfalfa hay was also 
fed. The animals used in the 1952-53 fatten- 
ing experiment were turned out to pasture 
during the summer of 1952 after weaning. 
Then they were fed a ration consisting of the 
same grain mixture as above with corn silage 
and alfalfa hay for 128 days. After this 
period the silage was eliminated from the 
ration. 

The results of the feeding trials are pre- 
sented in Table I. 

The animals were to be slaughtered when 
they reached about 1000 pounds but this 
plan could not be adhered to strictly. Thus, 
it will be noted that certain animals were fed 
considerably longer than others. 

The liver from each of the steers was ex- 
amined at the time of slaughter. In several 
previous feeding experiments with dual-pur- 
pose steers where no antibiotics were fed, 
approximately 75% of the livers were found to 
be abscessed and those which were not ab- 
scessed showed scar tissues. When healthy, 
normal livers without scar tissues were ob- 
served among the group of animals slaughtered 
in 1952, the histories of these animals were 
examined. It was found that the animals 
which received aureomycin during the first 
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TABLE I. Feed Lot and Slaughter Data. 


Avg daily Slaughter Condition 


Steer Birth Initial Days e 
Pair No. wt, lb wt, lb on feed gain, lb wt, lb* of liver 
: 1951-1952 feeding period 
i: 314 74 440 314 2.02 1042 Abscess 
2 334 93 610 202 1.63 930 
rons 337 83 350 314 2.07 999 Sawdustt 
= 4 313 78 460 314 1.93 1024 Abscess 
& 5 339 72 335 341 1.83 920 
Avg 80 439 297 1.90 983 
‘i 325 87 550 202 2.03 905 Normal 
2 308 84 450 282 2.09 940 4 
tay 3 338 82 505 202 2.10 900 y 
S 4 309 77 415 289 2.02 1000 
= 5 327 63 320 341 1.91 950 Small 
= ; scart 
Avg 79 448 263 2.03 939 
1952-1953 feeding period 
il 56 72 675 284 Ts 981 Abscess 
ze 2 65 72 660 197 1.70 920 2 
ss 3 61 69 620 197 2.11 985 Normal 
e 4 67 83 565 284 1.81 1020 Abscess 
o 5 73 60 460 284 2.08 973 Seart 
Avg ALD 596 249 Liz 976 
1 58 74 655 197 2.08 970 Normal 
sh 2 64 73 580 284 1.83 1033 z? 
5 3 62 86 550 197 2.36 940 2 
e 4 70 74 525 284 1.88 997 2 
& 5 74 65 510 197 2.28 890 »” 
Avg 74 564 232 2.09 966 


* 24-hr shrinkage. 


+ A term used to designate liver that contains many areas of focal necrosis spread throughout 
the liver giving the appearance of sawdust on the liver. 


t Passed. 


twelve weeks after birth had the normal 
livers, as shown in Table I. Similar observa- 
tions were made in the second group of 
steers slaughtered in 1953. 

Summary. Under the conditions of these 
experiments, it appears that aureomycin pre- 
vented scouring during the early preweaning 
period and thereby did not predispose the 
treated animals to necrophorus infection. 
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Ability of Endamoeba histolytica to Phagocytose Red Blood Cells.* (20773) 


JAMes G. SHAFFER AND THEODORE BALSAM. 
From the Department of Microbiology and Public Health, Chicago Medical School, Chicago. 


The ability of Endamoeba histolytica to 
ingest red blood cells is a well-recognized 
characteristic. The following experiments 
were designed to study this property quantita- 
tively and to determine what the effect of 
certain drugs and of antiserum might be on 
this phagocytic tendency. 

Materials and methods: It was found that 
reproducible phagocytic indices could be ob- 
tained in the following manner: Three-tenths 
ml of a one in 10 dilution of defibrinated 
rabbit blood was added to 48-hour cultures of 
the 2001 strain of Endamoeba histolytica in 
the Shaffer-Frye medium(1). Only cultures 
showing 4+ amoebae were used. The tubes 
were gently agitated to distribute the RBC 
and the petrolatum seal restored. These 
amoeba-RBC mixtures were then incubated at 
37°C for 15 minutes. At the end of this 
period, most of the culture fluid was removed 
and discarded. Ten ml of distilled water was 
then gently added. This hemolysed all un- 
phagocytosed RBC, but did not disrupt the 
amoebae and left the phagocytosed RBC in- 
tact. Samples were removed from the bottom 
of the tube and the number of RBC in 25 
amoebae counted and averaged. The result- 
ing phagocytic indices were constant to 
within +1 RBC over a series of similar tubes 
run in a given experiment. It was found that 
after 30 minutes in the distilled water the 
RBC began to appear distorted, thus, it was 
important to set up the tubes individually 
allowing an interval between each succeeding 
culture to provide time for counting. The 
rabbit blood was collected by cardiac punc- 
ture and defibrinated by shaking with glass 
beads. Blood kept more than 5 or 6 days 


* Aided by a grant from the National Microbio- 
logical Institute, National Institute of Health, Public 
Health Service. 

+ The 200 strain of Endamoeba histolytica was 
obtained from Mr. M. C. McCowen of The Lilly 
Research Laboratories. He originally obtained the 
culture from Dr. C. W. Rees of the National Institutes 
of Health. 


was found undesirable. Hank’s balanced salt 
solution (Microbiological Associates, Beth- 
esda, Md.) was used as a diluent for all re- 
agents. All materials were brought to 37°C 
before addition to the cultures. 

A series of experiments was next designed 
to study the influence of certain compounds 
on the ability of the 200 strain of Endamoeba 
histolytica to wphagocytose rabbit RBC. 
Aureomycin HCl, terramycin HCl, ilotycin, 
fumagillin and emetine HCl were used. The 
first 4 compounds were the pure crystalline 
substances, while the fumagillin was in the 
form of 10 mg capsules (Abbott). The crys- 
talline compounds were weighed on an ana- 
lytical balance and dissolved to appropriate 
concentration in the balanced salt solution, 
while the fumagillin was made up to the de- 
sired volume and thoroughly emulsified from 
the capsule. Twelve 48-hour cultures of 
Endamoeba histolytica were used in each ex- 
periment. A series of 5 drug solutions was 
made to contain appropriately decreasing 
amounts, so that when 0.2 ml was added to 
a culture, the desired final concentration was 
reached. Each of the 5 solutions was added 
through the petrolatum seal to a pair of 
amoeba cultures and 0.2 ml of Hank’s solu- 
tion was added to an additional pair of cul- 
tures as controls. All were gently mixed and 
re-sealed. One of each pair of cultures was 
incubated at 37°C for 2 hours and the other 
member was incubated for 20 hours. At the 
end of the incubation period, rabbit RBC were 
added and the phagocytic index determined. 
The results of the experiments were recorded 
as the phagocytic index for each drug con- 
centration and the control, and graphs made, 
with the drug concentrations on the ordinates 
and the phagocytic indices on the abscissas. 
In figuring the phagocytic index, only those 
amoebae containing RBC were included in 
the experiments here described. The numbers 
of trophozoites which did not phagocyte 
RBC varied greatly between similar cultures 
and appeared to be unrelated to drug con- 
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centrations or other measurable factors. Fur- 


ther investigation of this is necessary. 


Another set of experiments was done to 
test the effect of antiserum on the ability of 
the amoebae to phagocytose RBC.  Anti- 
amoebic serum was produced in 2 rabbits by 
giving a series of 8 bi-weekly intravenous in- 
jections of concentrated suspensions of E. 
histolytica, strain 200. Each inoculation con- 
sisted of 2 to 3 million E. histolytica tropho- 
zoites prepared from 48-hour cultures in S-F 
medium by washing once with saline (0.85% 
NaCl) and concentrating in a volume of one 
to 2 ml. Blood was collected from the rabbits 
by cardiac puncture before the series of in- 
oculations was started and 13 days after the 
final inoculation. The serum was stored in 
the deepfreeze. The technic was modified 
when testing the effect of serum on the phago- 
cytic activity of the E. histolytica cultures 
in order to conserve serum and was as follows: 
Forty-eight-hour cultures of the amoebae 
were used as before. Just prior to addition 
of the serum, most of the culture fluid was 
removed leaving a previously determined 
volume so that a desired final concentration 
of serum could be obtained. Thus, if the 
effect of serum 1:8 was to be determined, 1.75 
ml of culture was left and 0.25 ml of serum 
added. Other desired dilutions could be 
reached in a similar manner, keeping the final 
volume of fluid constant in the tubes. After 
addition of the serum, the cultures were sealed 
with vaseline and incubated at 37°C for 2 
hours. At the end of this incubation period, 
rabbit RBC were added and phagocytic in- 
dices calculated as previously described. 


Results. The results of the experiments on 
drugs are illustrated graphically in Fig. 1-3. 
Each of the graphs is a composite of 4 or 5 
individual experiments with one of the com- 
pounds studied. The starred circles represent 
the phagocytic indices obtained after 2 hours 
exposure to the drug and the solid black 
circles represent the phagocytic indices ob- 
tained after 20 hours exposure to the drug. 
The broken line connects the midpoints of 
the 2-hour indices and the dotted line connects 
the midpoints of the 20-hour indices. 


Fig. 1 shows the results obtained with 
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aureomycin HCl. It will be seen that, as the 
concentration of drug was increased, the 
phagocytic index showed a steady decline. 
Essentially similar decreases occurred whether 
there was 2- or 20-hour exposure to the drug. 
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Fig. 2 shows the results obtained with 
emetine HCl. With this drug there was a 
difference between the 2- and 20-hour phago- 
cytic indices. It was found in preliminary 
experiments that the range of concentrations 
showing little or no activity and that showing 
marked activity, especially at 20 hours, was 
rather narrow. Thus, it was desirable to use 
closely graded concentrations in the lower 
range. An examination of Fig. 2 reveals that 
a relatively greater reduction of phagocytic 
index occurred after 20 hours than after only 
2 hours exposure to the various concentrations 
of emetine HCl. 

Fig. 3 shows the results obtained with 
fumagillin. It will be seen that there is an 
even greater difference between the 2- and 
20-hour results with fumagillin than observed 
in the case of emetine HCl. As was also true 
with aureomycin HCl and emetine HCl, in- 
creases in the concentration of fumagillin re- 
sulted in decreased phagocytic indices. It 
will be noted, however, that the range of drug 
concentrations exhibiting minimal and maxi- 
mal activity was much greater with fumagillin 
than with either aureomycin HCl or emetine 
HCI. 

Results obtained with terramycin HCl were 


of some interest since the general pattern fell 
between that of aureomycin HCl and emetine 
HCl. There were differences between the 
results on 2- and 20-hour exposure, but not 
as marked as those seen with emetine HCl as 
shown in Fig. 2. The range of this activity 
with terramycin HCl fell between 0.05 and 0.3 
mg/ml, a relatively narrow range. 

Ilotycin was found to have a pattern similar 
to that of aureomycin HCl, with little differ- 
ence in the phagocytic indices after 2- and 
20-hour exposure of the amoebae to the 
various concentrations. The range of this 
activity with ilotycin was from 0.25 to 1.25 
mg/ml. 

The results of the studies made using the 
normal and anti-F. histolytica (strain 200) 
rabbit serum with 4 different strains of Z. 
histolytica are shown in Table I. These re- 
sults reveal that incubation of the 4 strains of 
E. histolytica for 2 hours in the presence of 
the rabbit antiserum diluted 1:8 resulted in a 
definite reduction in the phagocytic index. 
The normal serum of rabbit No. 1 exerted 
little, if any, effect, while the normal serum 
of rabbit No. 2 reduced the phagocytic index 
moderately. Thus, the inoculation of these 
rabbits with suspensions of strain 200 E&. 
histolytica resulted in increased ability of 
their serum to inhibit phagocytosis of RBC 
by not only strain 200, but also strains 103, 
Cook and K-14, E. histolytica. In further 
experiments it was found that exposure of the 
amoebae to the antisera diluted 1:16 had 
little effect on the phagocytic index. Results 
in a limited number of experiments with nor- 
mal and “immune” serum, 1:4, were incon- 
sistent. 

TABLE I. Phagocytic Indices Obtained Following 
Exposure of 48-Hr Cultures of Four Strains of 2. 


histolytica to Anti-Amoebie Rabbit Serum for 2 
Hours at 37°C. 


Phagocytic index* 
——HFE. histolytica strain——, 


Rabbit serum 
(anti-200) 


(1 in 8 dilution) 200 103 Cook K-14 
#1 Normal 12 10 11 11 
“¢Tmmune’? 3 3 2 4 
#2 Normal 9 9 9 9 
‘¢Tmmune?’’ 3 4 3 a) 
Control (no serum) 13 10 14 10 


* Avg No. of RBC/amoebae in a total of 25 
amoebae. 
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Since the antisera were produced by inocu- 
lation of E. histolytica grown in the S-F 
medium which depends on the presence of 
bacterial cells of a gram negative anaerobic 
streptobacillus, it was desirable to adsorb the 
sera with concentrated suspensions of these 
bacteria to see if this affected the ability of 
the serum to reduce the phagocytic index. 
The adsorbed “immune” and normal sera ex- 
hibited the same activity as similar unad- 
sorbed sera. So far, no tests have been made 
using anti-streptobacillus serum. 


Discussion. The significance of the observ- 
ations recorded in Fig. 1-3 is not yet known. 
It seems likely that the results reflect a varia- 
tion in the behavior of the compounds in- 
volved. This variation may be in terms of 
fundamental differences in the point of attack 
on the amoebae, selective effects on the most 
actively phagocytic cells by aureomycin HCl, 
but not emetine HCl and fumagillin, or any 
one of a number of other possibilities. Fur- 
ther experimental and statistical examinations 
are necessary before definite conclusions can 
be reached. 


Tabulation of the distribution of RBC per 
amoeba in the individual experiments has re- 
vealed some interesting data. The number of 
RBC per trophozoite varies from none to as 
high as 30. Plotting of these figures indicates 
a normal distribution with a low peak at the 
level of the median which has in all calculated 
cases been within one of the mean or phago- 
cytic index. Consequently, the standard de- 
viation is likely to be high. The reasons for 
the variation in numbers of phagocytosed 
RBC in individual amoebae are not known. 
It may be that this is a reflection of the meta- 
bolic or developmental state of the individual 
organisms. The irregularity of phagocytic 
activity exhibited by older cultures may pre- 
sent evidence favoring this viewpoint. 


Insufficient experiments have been _per- 
formed with anti-amoebic rabbit serum to de- 
termine the nature of this activity. It would 
seem likely that an antibody to some surface 
component of the cell is present in the serum 
as a result of the inoculation of the rabbits. 


The results shown in Table I show that all 4 
strains of E. histolytica tested were affected 
by the serum. The technic is not yet stand- 
ardized to the point where it can be deter- 
mined whether or not there are antigenic dif- 
ferences between the strains. Further experi- 
ments, designed to produce higher titered sera 
and to further standardize the procedure, are 
in progress. 

Cole and Kent(2) have recently published 
the results of amoeba-immobilization tests in 
which they tested the effect of anti-amoebic 
rabbit serum and the serum of human patients 
with amoebiasis for ability to cause E. histo- 
lytica to round up. It would seem that im- 
mobilization might be reflected directly in loss 
of ability to ingest particles, thus the two 
methods appear likely to be testing similar 
phenomena. 

It is felt that the methods described above 
may offer an objective approach in studying 
certain fundamental characteristics of E. his- 
tolytica and in understanding the mode of 
action of anti-amoebic drugs and of antiserum. 
The technic itself needs further study and 
standardization as indicated before. It may 
be that the phagocytic index is not the most 
desirable unit to use, but this can only be 
determined by future experiments. 

Summary. 1. A method for determining 
phagocytic indices for E. histolytica with rab- 
bit red blood cells has been described. 2. The 
effect of several drugs on the ability of 
E. histolytica to phagocytose rabbit RBC has 
been tested and recorded. 3. All drugs tested 
were found capable of reducing the ability 
of the amoebae to phagocytose rabbit RBC. 
A range for this activity was established un- 
der the conditions used. 4. Certain differences 
in the effect of the different compounds were 
observed. 5. The effect of anti-amoebic serum 
on the phagocytic indices of 4 strains of E. 
histolytica was tested. It was found that 
definite reductions could be obtained. 


1. Shaffer, J. G., Am. J. Hyg., 1952, v56, 119. 
2. Cole, B. A., and Kent, J. F., Proc. Soc. Exp. 
BIoL. AND Mep., 1953, v83, 811. 
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AND MAXWELL FINLAND.+ 


From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), 
Boston City Hospital and the Department of Medicine, Harvard Medical School, Boston, Mass. 


The importance of minor changes in chemi- 
cal structure in affecting the antimicrobial 
action as well as the pharmacologic and toxic 
properties of substances is well recognized in 
the field of chemotherapy. The preparation 
of tetracycline(1,2) by the catalytic hydro- 
genation of chlortetracycline (Aureomycin) 
offered an opportunity to compare the proper- 
ties of 3 closely related antibiotics, each vary- 
ing from the other by a single atom. Tetra- 
cycline has a structure common to both chlor- 
tetracycline and to oxytetracycline (Terramy- 
cin), lacking both the chlorine atom which is 
present on the aromatic ring of chlortetra- 
cycline(3) and absent from oxytetracycline 
(4) and an OH group which distinguishes 
oxytetracycline but which is also absent from 
chlortetracycline. Comparisons of the anti- 
bacterial action of these three tetracycline 
analogues are presented in this paper. 


Materials and methods. Tetracycline (sup- 
plied in the latter part of this study under the 
trademark Achromycin) and chlortetracycline 
(Aureomycin) were furnished by Lederle 
Laboratories through the courtesy of Dr. Stan- 
ton M. Hardy. Oxytetracycline (Terramycin) 
was provided by Chas. Pfizer & Co. through 
the kindness of Dr. Gladys L. Hobby. These 
three antibiotics were each made available as 
crystals of the hydrochloride in sterile, rubber- 
capped vials containing 100 or 500 mg equiva- 
lent of the base. The strains of bacteria 
studied were from various infected materials 
obtained from patients in the hospital; most 
of them were isolated and identified in the 
bacteriological laboratory of the Mallory 


* Summary of some of these findings presented at 
the Antibiotic Symposium, Washington, D.C., Oct. 
28, 1953. 

t Aided by a grant from the U. S. Public Health 
Service. 

¢ The authors are indebted to Clare Wilcox and 
Ann Najarian for technical assistance. 


Institute of Pathology by Miss Marion E. 
Lamb and Miss A. Kathleen Daly. The 
strains of Neisseria gonorrhoeae were isolated 
by Mrs. Helen Trousdale of the Genitourinary 
Clinic, and most of the strains of Nezsseria 
meningitidis were furnished by Dr. Sara E. 
Branham of the National Microbiological 
Institute. Tests for sensitivity were carried 
out by streaking a loopful of freshly grown 
broth culture onto the surface of each of a 
series of plates of heart infusion agar (Difco 
pH + 7.4) containing 2-fold dilutions of 
each of the antibiotics. Visible growth was 
recorded after 24 hours and again after 48 
hours of incubation at 37°C, except in the 
case of Neisseria which were read only after 
48 hours. Horse blood was incorporated in 
the agar for the pneumococci, streptococci, 
staphylococci and Neisseria. The sensitivity 
of a strain was considered to be the minimum 
concentration of antibiotic which produced 
marked inhibition of growth at 24 hours. In 
making comparisons, however, the complete 
inhibition (no detectable growth) after 48 
hours was also used. Growth curves were 
carried out with cultures of Bacillus cereus No. 
5 (obtained from Dr. A. C. Dornbush of the 
Lederle Laboratories) and Streptococcus 98 
in brain heart infusion broth (Difco pH + 
7.4), with and without various concentrations 
of the three antibiotics, and determining the 
number of viable organisms at appropriate 
intervals in pour plates of the cultures in anti- 
biotic-free agar. The seed cultures had been 
grown overnight in broth and horse blood was 
incorporated in all cultures of Streptococcus 
98. Assays for each of the 3 tetracyclines in 
serum and urine, and also for standard solu- 
tions of these antibiotics were carried out with 
B. cereus No. 5 by a serial two-fold dilution 
method in broth. 


Results. Effect of storage in the cold. Cit- 
rated plasma irom venous blood, in amounts 


ANTIBACTERIAL ACTION OF 3 TETRACYCLINES 


26 


“IU FE FV PVA OLOM SLOYJO [[B FAY YP LOF WOrZLQuour 1oyFU Pvot OOM STUSTURSIO oSoy} JO SySo, | 
‘oupAdBIZOJIOTYD = Q fourpoAovapoyAxo = Q fourpoLovajo} = yg, » 


006< E 1 ii 0 i T T c 9 FL i) 
OOT & I! Hi T T IE € 8T § 6 O 
00% e 0 0 0 il z G OL 6 5 i FE DSOUDNAAD * I 
00e< il G ) 
006< 9 O 
006 it e G G iL 9 snapzold *_ 
GG L 0 L 10) 
G6L L L O 
G2r G g L ND tL yauuos ya bryy 
0G G if i 6 G ii G & 0 iE ©) 
GG G & € 0 T L & i 0 it O 
GS i! G € € G F 5 G 0 T Ay ike SIUIDOLID “VW 
GOL LT L 7 0 
69 & L 8 OT O 
cao 8 8 6L iL 86 109 “OT 
e9 GT G € il ©) 
OF 8 TE g O 
9T 9 6L 9 iL FG fsuprpburwau * Ar 
Oar © € FL OL 8 ‘) 
ia 9 exe) 9 o O 
s OL GT L P G Vs oho fIDIOYLLOWOD * NT 
hie OT [ 0) (0) 0 0 L 0 G € 10) 
[es i € L 0 0 0 0 0 0 0 7) O 
lens [ g 4 [ 0 0 0 0 0 0 9 ‘Ab; ATE snasivy “Yydvysy 
00T G 0 li 0 0 Bly oe il 3 ) 
006< ii F IE 0 0 {t [ s) O 
006< if G 0 0 0 0 0 8 ‘tS, FL $099090.10} UL 
GCL if 9 G v 6 0 G @) 
€9 & G g 6 0 i T O 
£9 F G L G {e 0 G iG EG snavyphjoway “daapsy 
ie I 0 € OL 0) t 6) 
1 L t G G 8 it O 
v I G ‘5 8 [ Ali GT SUDPILLL “DIALS 
o [ v v OL G I 9) 
Co i OL 6 i O 
o 8) FI [ [ Ay Bee IDLUWOWNIWE “Cf 
surerys Jo% G0 #0" U rd ia 3° 9T VS. £9 | Sel Ss 0S 00F 002 -00¢< joH01q) posses WSLULB.IG, 
103 OT ———— pu /s7 Co PW) WoryRiyusouos Surg rq upUL uM J “Quy SUTBI4S 
JOON, 


e > a ea REL! AB TPO A TRS ETE TGR a ee 
‘SOULPADVIJOL, F OF VILOPVE oTUoSoyV| WoUMOY) FO survayg poyeposy ATQued.y 1GgZ Jo Apayisueg “T |TAVL 


ANTIBACTERIAL ACTION OF 3 TETRACYCLINES 27 


sufficient for several replicate assays, was ob- the chlortetracycline solution lost about 50% 
tained from 6 patients after oral or intra- of its activity (difference of one dilution tube) 
venous administration of tetracycline. Similar between the second and third day, and 75% 
samples of plasma were also obtained at of its activity was lost (a difference of 2 
several intervals following ingestion of 0.5 g dilution tubes) between the 4th and 7th day; 
of one of the 3 tetracyclines given to 6 sub- the oxytetracycline lost 50% of its activity 
-jects, each antibiotic being given to 2 of them. between the 4th and 7th day but the tetra- 
Samples of urine were also obtained from the cycline solution showed no loss of activity 
same subjects. Assays for the antibiotic con- as demonstrated by this test during 3 weeks 
tent of the plasma and urine were carried out of storage. 

with these samples promptly and the assays Sensitivity of recently isolated strains. The 
were repeated after they had been stored in results of tests for sensitivity of 257 strains of 
the frozen state at —25°C for varying periods common pathogens carried out simultaneously 
up to 3 weeks. No deterioration in antibiotic with each of the 3 tetracycline analogues are 
activity of these specimens could be deter- shown in Table I. On the whole, the strains 
mined by this test. Standard solutions of of any given species or genus varied in their 
2 »g/ml of each of the 3 antibiotics were also — sensitivity to the 3 tetracyclines over a similar 
prepared in broth; these were tested promptly range of concentrations, and the minimum 
and again at intervals up to 3 weeks of stor- concentration required to inhibit two-thirds 
age at 5° to 10°C (in a commercial refriger- of the strains of each species or genus that 
ator) and at —25°C (in a commercial “deep- was tested likewise did not differ widely 
freeze’). The solutions all retained their except in the case of Neisseria for which the 
activity essentially unimpaired during the 3. minimum inhibiting concentration of chlor- 
weeks of storage at —25°C. At 5° to 10°C _ tetracycline was greater than for the other 2 


$ 


TABLE II. Comparison of Sensitivities of Individual Strains to 3 Tetracyclines. 


M.J.C. oxytetracycline M.1.C. chlortetracycline 
No.of M.1.C. tetracycline M.I.C. tetracycline 
strains Hr of incu- 2 ~ 4 
Organisms tested bation’e 8) 4 228 To Vee ee I 
D. pneumoniae 22 24 16 oy al a5 TE XG} i 1 
48 a” ANG) 3 14. 4 1 
Strep. viridans 15 24 1B) nly 2! GC. Fi ae 1 
48 1 9 5 4 4 Gara 
Strep. hemolyticus 24 24 By econ ales sees Fae Bl ak is) Seb: wl 
48 4 5 Gr ie “ah w ul 5 phe Oy a) 
Enterococcus 14 24 Iie el RO nal il 3. ike MODEMS 
48 He Blok Se gal 6 0 GB 
Staph. aureus 17 24 Bi) IP 1 Sos pe oa 
48 ye OM crn a» Al 
N. gonorrhaeae 38 48 Siero a Ome 2 6 13 5 hide eal 
N. meningitidis 24 48 Te Sues eek 8 : ye 00) 5) 
EL. coli 28 24 ye Pe KG i @& a 6 © 6 
48 6 4 Go WP ey 
A, aerogenes 21 24 a at are ein agar Ue 11 at ol 
48 A 0 @ i 9 7 5) 
Shigella sonnei 14 24 2 12 : 9 5 
48 7 7 7 7 
“0 5 24 4 2 eee alee 3 
B. proteus 6 1 rae 5h es 
‘uginos 2 Bi dill Ake 8 3 9 9 hae 
P. aeruginosa 34 rs ; ; - BS ie Ser oye 
All strains 195 24 6 —9 215104 987 154.38; 11- 21° 46 70 a 1 SS 
257 48 A hh SS ale IG al BG al BO fe Ie 


* Endpoints read as marked inhibition at 24 hr, complete inhibition at 48 hr. 
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agents. The differences in sensitivity of the 
individual strains to the 3 analogues are sum- 
marized in Table II. About one-half of all 
the strains tested were equally sensitive to 
tetracycline and oxytetracycline and the re- 
mainder were distributed in a normal manner 
between those more sensitive and those more 
resistant; this was true both when the tests 
were read at 24 hours and again when they 
were read at 48 hours. The comparisons of 
the tests with tetracycline and those with 
chlortetracycline, however, reflected the de- 
terioration of the latter during the course of 
the tests. This was manifested in the 24-hour 
readings by the large number of strains which 
required from 2 to 8 times as much chlor- 
tetracycline as compared with tetracycline to 
inhibit. This phenomenon was further exag- 
gerated when the tests were read after 48 
hours, at which time about 60% of the strains 
required the larger concentrations of chlor- 
tetracycline. In a number of instances, how- 
ever, one of the analogues showed greater ac- 
tivity than the others against an appreciable 
proportion of strains of some species or genus. 
Thus, oxytetracycline appeared to be the most 
active against a large proportion of the strains 
of Pseudomonas; tetracycline appeared to be 
the most active against the few strains of 
Proteus that were tested, although high con- 
centrations of all of the antibiotics were re- 
quired to inhibit these strains. In the tests 
read at 24 hours chlortetracycline appeared to 
be the most active against a large proportion 
of the strains of Enterococcus and Staphylo- 
coccus aureus. The larger amounts of chor- 
tetracycline required to inhibit the strains of 
Neisseria gonorrhoeae and N. meningitidis, 
however, may be considered as reflecting the 
deterioration of that antibiotié in the course 
of the test. However, chlortetracycline ap- 
peared to be the least active against most of 
the strains of Z. coli and Shigella sonnei even 
when the tests were read at 24 hours. 

Growth curves. The effects of various con- 
centrations of each of the 3 tetracyclines on 
the growth of B. cereus No. 5 and of Strepto- 
coccus 98 are depicted in Fig. 1 and 2, re- 
spectively. The same inoculum (about 104 
organisms/ml) was used in each instance and 
corresponded to that generally employed in 
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this laboratory for antibiotic assays and in 
tests for sensitivity which employs serial dilu- 
tions of antibiotics in broth. The growth 
curves for each of the 3 antibiotics are very 
similar in the case of both organisms, the 
major difference being the earlier resumption 
of growth following inhibition in the presence 
of chlortetracycline in some instances. The 
effect of the size of the inoculum is shown for 
B. cereus in Fig. 3; the inocula used for the 
growth curves in the upper panels of this 
figure were 100 times greater than those shown 
in Fig. 1 and the inocula for the curves in the 
lower panel were such as to provide 30 to 60 
organisms per ml. The tests with each in- 
oculum and the 3 antibiotics were done at 
the same time, but those with the different 
inocula were done at different times. Tetra- 
cycline appeared to exert its inhibitory action 
for a longer period than did the other 2 
analogues, but other differences among the 
antibiotics were relatively minor. 


Discussion. The data presented indicate 
that, for the most part, the antibacterial ac- 
tion of each of the 3 tetracycline analogues is 
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very similar under the conditions employed. 
In the case of individual strains, however, 
there were significant quantitative differences. 
The instability of chlortetracycline in the 
usual in vitro tests is well known. The effect 
of pH was studied and further differences were 
noted; these have varied somewhat when dif- 
ferent organisms were used and the results 
are not presented since they require further 
study. In general all 3 agents were more 
active in an acid medium; this was particu- 
larly true of chlortetracycline which was the 
least active in an alkaline range, at which it 
was also the most unstable. 


In the present study, recently isolated 
strains were used. This is important because 
of the increasing incidence of strains of certain 
organisms which are resistant to both oxy- 
tetracycline and chlortetracycline, presumably 
as a result of the wide use of these agents(5). 
In the tests for sensitivity, strains resistant to 
one of the tetracyclines were usually resistant 
in about the same general range to the other 
2 analogues. In a separate study(6), a group 
of organisms made resistant im vitro by re- 
peated subcultures in increasing concentra- 
tions of tetracycline and of oxytetracycline 
were subsequently tested and found to have 
acquired resistance to all 3 analogues to about 
the same degree. 


Conclusions. The antibacterial action of 
tetracycline, oxytetracycline and chlortetra- 
cycline in vitro appeared to be very similar 
although significant quantitative differences 
are noted in the action of these 3 analogues 
on individual strains and under certain cul- 
tural conditions. 
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Knox has shown that the activity of trypto- 
phan peroxidase-oxidase (TPO) of rat liver 
can be augmented im vivo by administration 
of large doses of the substrate, tryptophan, 
and to a lesser extent by injection of certain 
other amino acids, epinephrine, or histamine 
(1). The increase after tryptophan was con- 


sidered to be an adaptive response, while the 
effect of non-specific compounds was at- 
tributed to pituitary-adrenal stimulation, since 
adrenalectomy inhibited the response to non- 
substrate compounds but not to tryptophan. 

It was of interest to study the effects of 
total body x-irradiation on TPO of rat liver 
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for several reasons. The conversion of trypto- 
phan to formylkynurenine is a coupled two- 
step oxidation(2), the first step requiring per- 
oxide and the second generating peroxide 
(which is used with high efficiency in the first 
step). Secondly an active catalase is neces- 
sary to the system to prevent accumulation of 
inhibitory concentrations of peroxide. Further- 
more, free sulfhydryl groups seem to be neces- 
sary as inferred from inhibition of the reaction 
by arsenite. A final consideration was the 
role of the adrenals in response to irradiation 
(3), which raised the question whether any 
changes in activity of TPO produced by x-ray 
exposure were due directly to irradiation or 
were attributable to hormonal effects. 
Methods. Most of the experiments utilized 
female Sprague-Dawley or Holtzman rats, 3 
months old, weighing between 160 and 210 g; 
the 2 strains were identical in their response. 
Hypophysectomized Sprague-Dawley female 
rats were obtained commercially. Other oper- 
ative procedures were carried out in the lab- 
oratory. Exposure to x-rays was at the rate 
of 225 r per minute from a machine operated 
at 250 kv, 15 ma, 0.5 mm Cu and 3.0 mm 
bakelite filters, 27 cm distance. A dose of 
1000 r was used in most experiments. The 
method of assay for TPO was based on the 
formation of kynurenine measured spectro- 
photometrically at 360 my after zinc acetate- 
NaOH deproteinization of a reaction mixture 
containing homogenized liver, phosphate buf- 
fer, and tryptophan incubated at 38°C for 60 
minutes(1). Under the conditions employed, 
kynurenine formation was linear in respect to 
time for 4 hours, and in respect to tissue con- 
centration to at least 80 mg liver/ml reaction 
mixture. Measurement of ultraviolet absorp- 
tion at other wave lengths indicated only 
negligible absorption attributable to com- 
pounds such as anthranilic acid, formylkynu- 
renine, or kynurenic acid; the absence of 
other metabolites of tryptophan we further 
confirmed by, paper chromatography (4). 
Results. A nearly 2-fold increase in TPO 
activity was noted 4 hours after exposure of 
the rat to 1000 r. The activity declines grad- 
ually, reaching the normal range about 48 to 
72 hours after exposure. Studies with varying 
amounts of radiation showed that the phenom- 
enon was dose-dependent to at least 5000 r, 


although a linear relationship was not ob- 
tained. A significant increase was observable 
after doses as low as 200 r. Male rats re- 
sponded as did females. Activation of TPO 
was also noted after x-irradiation of mice, but 
not of guinea pigs. 

Incubation of mixed homogenates from 
livers of normal and irradiated rats showed in 
every case only single summation of activities, 
an indication that radiation neither destroyed 
an inhibitor nor created an activator of the 
system. Measurements of catalase and pyr- 
ogallol peroxidase showed no changes in the 
activities of these enzymes during the first 24 
hours after irradiation. 

Like the increase caused by epinephrine, 
histamine, etc.(1), the radiation-induced in- 
crease was inhibited by adrenalectomy (Table 
I). Animals maintained on either salt or cor- 
tical extract (Wilson; 0.2 ml/day) failed to 
show the characteristic response after exposure 
to 1000 r. Adrenal demedullation decreased 
the response somewhat but did not abolish it. 
Thyroidectomized rats did not differ from nor- 
mals in respect to the activity of TPO after 
radiation. 

Hypophysectomy led to variable results, 
depending upon the time elapsing between 
operation and sacrifice. Seven or 10 days 
after hypophysectomy the increase after x-ray 
was appreciable, although less than that seen 
in unoperated animals. The response of TPO 
became progressively less as the time intervals 
increased, due probably to atrophy of the 
adrenal cortex, since maintenance of hypophy- 
sectomized rats on 2 units/day of ACTH per- 
mitted a considerable restoration of the re- 
sponse in animals irradiated 14 days after 
operation. In no case, however, was the in- 
crease as marked in hypophysectomized rats 
as in the unoperated animals. A single injec- 
tion of ACTH alone, even as much as 5 units, 
failed to produce a consistent increase in activ- 
ity 4 to 6 hours after injection. 

Attempts to inhibit the action of x-ray on 
TPO by administration of various drugs were 
not successful. Prior intraperitoneal or intra- 
venous injection of large doses of atropine, 
physostigmine, tetraethylammonium chloride, 
procaine, cocaine, diphenhydramine, ephe- 
drine, ascorbic acid, or cysteine produced per 
se a 200 to 300% increase in activity which 
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TABLE L. Effects of Total Body X-Irradiation and of Injection of Compound F and Tryptophan on Rat Liver Tryptophan Peroxidase. 
Rats 


Normal 
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ae aS effectively masked the effect of radiation on 

oe ie TPO. Similarly, section of the spinal cord at 
nm 1a | Cg resulted, after 24 hours, in a 5-fold increase 
ct ace: | in unexposed animals. 


Intramuscular injection of 5 mg/kg of 11- 
NH Se hydroxy-17-corticosterone acetate (Compound 
F) in saline suspension was found to double 
the activity of TPO within 4 hours. Smaller 
amounts were proportionately less effective. 
This action of Compound F was not appre- 
= ciably diminished by removal of the adrenal 
or thyroid, and was enhanced after hypophy- 
sectomy (Table I). Desoxycorticosterone ace- 


~H 
tate and tetrahydrocortisone had no stimula- 
tory effect in adrenalectomized rats. Corti- 
A cee f re sone, on the other hand, acted like Compound 
F but was about % as effective. It may be 
ey SR Le nee ae pointed out further that neither Compound F 
vr es 6 Coe) nor x-ray exposure effected an increase in liver 
TPO activity of guinea pigs. The mechanism 
Say a oe by which the corticosteroids act is as yet ob- 
scure; im vitro studies with rat liver slices 
om OH A ANtMS SO incubated with Compound F and then homog- 
Se at Se enized and assayed for TPO activity have 
OH H onSewM Oo been inconclusive. 
~ On HH AOAOId 
See The 15-fold increase in activity of TPO 
at eae ag a at Peete resulting from injection of 2 g/kg of DL- 
Fas ee tryptophan in normal rats (Table I) could be 
produced in irradiated animals until 4 days 
See ee ee after exposure when the rats were manifestly 
moribund. In confirmation of Knox’s findings 
SMT SS Re aE geen (1), we found only a slight decrease in ‘‘adap- 
moO S SKIS S tation” to tryptophan in adrenalectomized 
rats; we have also confirmed the high toxicity 
i age ti Ben Hat of tryptophan to adrenalectomized rats. 
Adrenal demedullation and _ thyroidectomy 
also failed to affect the response of TPO to 
ee tryptophan. In hypophysectomized rats, how- 
i ne) ie i ons ever, the injection of tryptophan produced 


much less effect than in normal rats (Table I). 

Discussion. It is apparent that the increase 
in activity of the tryptophan peroxidase-oxi- 
dase system of rat liver observed after ex- 
posure to x-ray is not a direct consequence of 
radiation of the liver, but rather is secondary 
to an effect on the adrenals, since the increase 
does not occur in rats exposed to x-rays after 
adrenalectomy. Radiation is thus a non- 
specific activator of the TPO system, re- 
sembling histamine, epinephrine, histidine, 
etc.(1). The proposed pituitary-adrenal mech- 


* Micromoles kynurenine formed/hr/g dry wt. 


Hypophysectomized + ACTH 


Adrenal demedullated 


Adrenalectomized 
Thyroidectomized 
Hypophysectomized 
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anism of action of these non-specific activators 
(1) seems, however, to be open to question. 

Summary. Total-body x-irradiation pro- 
duces within a few hours a dose-dependent 
increase in the tryptophan peroxidase-oxidase 
system of rat liver. The increase does not 
occur in adrenalectomized rats, and hence 
cannot be construed as a direct effect of x- 
irradiation. 
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Isolation and Chemical Composition of Complement-Fixing Antigens 


From Leptospires. 


Morris D. SCHNEIDER. 


(20776) 


(Introduced by R. H. Yager.) 


From the Veterinary Division, Army Medical Service Graduate School, Walter Reed Army Medical 
Center, Washington, D.C. 


The purpose of this report is to present a 
comprehensive account of a fractionation pro- 
cedure applied to the leptospiral cell and to 
show the comparative yield of the comple- 
ment-fixing cell fractions from selected sero- 
types of leptospires. Fraction 1, a comple- 
ment-fixing substance, has been isolated and 
its chemical and_ serological properties 
described(1-3). 

The process of fractionation of the lepto- 
spiral cell has been extended to include the 
cellular debris remaining after extraction of 
Fraction 1. The cell residue served as the 
starting material from which were isolated 
three serologically active fractions. 

Methods. Cultures of leptospires. Three 
serotypes of leptospires were employed, 
namely, Leptospira icterohemorrhagiae AB, 
L. canicola and L. bataviae. Leptospires were 
propagated and harvested as previously de- 
scribed(1,3). Isolation of complement-fixing 
antigens. The protocol for fractionation of 
the leptospiral cell is outlined in Fig. 1. 
Washed viable organisms were disrupted as 
previously described(1,3). After shaking with 
one-half volume 4:1 chloroform-n-amyl alco- 
hol, the mixture was centrifuged at 4000 rpm 
for 20 minutes, at O°C. The preparation 
separated into (A) an aqueous phase, (B) an 
interfacial cell-protein gel or chloroform 
“cake” and (C) a chloroform layer. The 
aqueous phase yielded, on further processing, 


a genus-specific antigen previously described 
(1-3). The cell protein debris (B) was sep- 
arated from the chloroform layer, suspended 
in and thoroughly dialyzed against 0.15 M 
NaCl solution and disintegrated by sonic vi- 
bration. The final volume of this preparation 
was 1 to 2% of the original culture volume. 
The crude cell-protein antigen was fraction- 
ated as follows: The crude material was pre- 
cipitated from its aqueous suspension by the 
addition of one-half volumes of each of 0.2 N 
H»SO, and freshly prepared 2% sodium tung- 
state solution. A heavy flocculent precipitate 
appeared soon after the addition of tungstate 
solution. After 30 minutes, the acidified mix- 
ture (pH about 2.0) was centrifuged at low 
speed, in the cold, and yielded: 1) A soluble 
supernatant, which on subsequent dialysis 
against 0.15 M NaCl solution and pervapora- 
tion yielded a non-dialyzable, complement- 
fixing substance, identified as Fraction 4; 2) 
An insoluble sedimentable portion which was 
then suspended in water to one-half of the 
volume of the original crude suspension. Three 
volumes of absolute ethanol were added, the 
mixture shaken and held at about 0°C for 24 
to 48 hours. After low speed centrifugation, 
the latter mixture separated into: a) A clear 
to slightly opalescent alcoholic phase which, 
after thorough dialysis against distilled water 
and pervaporation, yielded a non-dialyzable 
water-insoluble material designated Fraction 
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Suspension of disintegrated cells. 
Shake with % vol 4:1 chloroform-amyl alcohol mixture. 


Centrifuge at 4000 rpm, 20 min., 0°C. 


Aqueous phase. 


Chloroform cell-protein gel. Small vol of 
disrupting fluid, shake, separate by centrifu- 
gation. 


| 
Aqueous phase. 


| 
ees) 


Combine. 
eulture vol. 


Dialyze against water. 4-6% of 


Fraction 1. Coutains genus-specific principle. 
30-50% of dry wt of cells. 


Chloroform phase. 
Contains lipid. 


Interfacial cell-protein ‘‘cake.’’ Contains 
crude antigen. 1-2% of culture vol. 40-50% 
of cells’ total nitrogen. 30-50% of dry wt of 
cells. 

Precipitate with tungsti¢ acid. 
at 4000 rpm, 30 min., 0°C. 


Centrifuge 


Tungstic acid insoluble phase. 40-50% of 
cells’ total nitrogen. Suspend in water to % 
vol of crude suspension. Add 3 vol absolute 
ethanol, shake, and hold at 0°C for 24 to 48 
hr. 

Centrifuge at 4000 rpm, 30 min., 0°C. 


Tungstic acid soluble phase. 1%4-1% of cul- 
ture vol. 


Fraction 4 
About 5% of dry wt of cells. 


75% alcoholic phase, soluble. 


Dialyze against water. %4-1% of culture 


vol. 


Fraction 2. 
10-30% of dry wt of cells. 


75% alcoholic phase, insoluble. 

Dialyze against 0.15 M NaCl solution. 1%4- 
1% of culture vol. 

Fraction 3 (protein residue). 


40-50% of 
cells’ total nitrogen. About 30% of dry wt 


of cells. 


FIG. 1. Fractionation of washed viable leptospires. 


2; b) The 75% ethanol insoluble portion ap- 
peared as a packed white sediment. Suspended 
in and dialyzed against 0.15 M NaCl solution, 
the final product has been designated Fraction 
3, or the protein residue antigen. The final 
volumes of each of the above fractions of the 
crude antigen were 0.5 to 1% of the original 
culture volume. The terminology Fractions 1, 
2, 3 and 4 was arbitrarily applied to the 
complement-fixing fractions, representing, in 


the order indicated, decreasing amounts of 
serologically reactive material derived from 
the leptospiral cell. Analytical procedures. 
The application of analytical methods was the 
same as previously reported(1,3). Quantita- 
tive estimation of total carbohydrate was ac- 
complished with an orcinol-sulfuric acid 
reagent(4). Ultraviolet absorption spectra 
were determined of reaction products of or- 
cinol-sulfuric acid reagent with Fraction 1 
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TABLE I. Yield and Composition of Four Arbi- 
trary Complement-Fixing Fractions from L. ictero- 
hemorrhagiae and L. canicola. 


L. ictero- Ip 
hemorrhagiae  canicola 
1 2 3 
Fraction 1 
Yield (%) 43 19 39 
Reactivity* 10 10) 30 
% of total reactivity t 43 71 52 
Composition (% ) 
Nitrogen 6.2 8.8 9.5 
Pentose 7.2 8.6 8.3 
Desoxyhexose 5.9 6.0 4.1 
DNA 8.9 12.1 
Glucosamine 4.0 5.7 
Phosphorus 1.0 et 
Hexose 2.4 4.0 
Total carbohydrate ft 26 32 26 
Copper reducing 21 
substances\ 
Fraction 2 
Yield (%) 12 24 29 
Reactivity 21 07 19 
% of total reactivity 26 21 22 
Composition (%) 
Nitrogen 3.8 2.8 8 
Pentose 4.8 2.7 2.7 
Desoxyhexose 3 Tr: 
Glucosamine ‘Wye. 
Total carbohydrate UW) 15 14 
Fraction 3 
Yield (%) 30 23 28 
Reactivity 05 OL 18 
J of total reactivity hi I 20 
Composition (% ) 
Nitrogen 10.8 8.6 1.4 
Protein|| (67.7). (53.8) (71.3) 
Pentose 1.5 1.0 2.2 
Fraction 4 
Yield (%) 4 i 10 
Reactivity 33 21 15 
% of total reactivity 14 3 6 


Composition (% ) 


Nitrogen 2.8 4.4 2.2 
Pentose 8.3 7.4 6.0 
Desoxyhexose 3.3 6.0 4.1 
Recovery 
% of organism 89 68 106 


* Reactivity = 1/x, when x is minimal wt (ug) 
of material/tube yielding max. homologous hyper- 
immune serum titer. 

Yield (%) 


D4 


Yield (%) 


= 


+ % of total activity = 


x 
¢ Total carbohydrate as glucose, estimated by 
the orcinol-sulfuric acid procedure (4), 

§ Copper reducing substances as glucose, after 
hydrolysis with IN H,SO, or 6N HCl, at 100°C, for 
6-8 hr. 

|| ( ) Total nitrogen multiplied by 6.25. 

ire iraces 


and Fraction 2 antigens. The color develop- 
ment of sulfhydryl-sulfuric acid (CyR10) 
reagent(5) with Fraction 2 antigens was meas- 
ured spectrophotometrically. 


Results. The crude cell-protein antigen con- 
tained 30 to 50% of the dry weight and 40 to 
50% of the nitrogen of the whole leptospiral 
organism. The active substance in the crude 
material was stable to heating at 100°C for 
1 hour, sonic vibration, chloroform-amyl] al- 
cohol extraction, and precipitation with tung- 
stic acid. 


Relative yields and composition of the 4 
fractions are shown in Table JI. Calculations 
of serologically active substances were based 
on the minimal weight (yg) of each cell 
fraction which reacted with homologous hyper- 
immune rabbit serum at maximal titer (a 
dilution of 1:240 to 1:480 for L. icterohem- 
orrhagiae and L. bataviae, respectively, and 
1:120 to 1:240 for L. canicola). The yield 
of the complement-fixing fraction antigens of 
each of these serotypes of leptospires was 2- to 
4-fold greater than that of the sonic-vibrated, 
lyophilized whole cell antigen of Randall et 
al.(6). The complement-fixing fractions were 
non-dialyzable materials, all of which con- 
tained pentose. L. icterohemorrhagiae, L. 
canicola and L. bataviae were each found to 
contain 4.4, 5.2 and 5.4% non-dialyzable pen- 
toses by weight. Approximately 80% of the 
total pentose was recovered in Fractions 1 and 
2. After acid hydrolysis Fraction 1 and 2 
antigens gave positive ninhydrin reactions. 


In the estimation of total carbohydrate, the 
orcinol-sulfuric acid method depends upon the 
absorption band at 425 mp, a property char- 
acteristic of hexoses and pentoses. Fractions 
1 and 2 illustrate this absorption band. Frac- 
tion 2 displays in addition a chemically un- 
identified maximum at 385-390 mp» (Fig. 2, 
A). Total carbohydrate, calculated as glucose, 
varied between 26 and 32% for three prep- 
arations of Fraction 1. After acid hydrolysis 
total carbohydrate was about the same as in 
unhydrolyzed materials. One preparation of 
Fraction 1 of L. icterohemorrhagiae contained 
21% copper-reducing substance on hydrolysis. 
In addition to pentose and desoxyhexose(3), 
Fraction 1 contained glucosamine, hexose and 
other carbohydrate residues. 
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A. Ultraviolet absorption spectra of materials after heating fractions 1 and 2 with an 


orcinol-sulfuric acid reagent (4), at concentrations of 270 and 456 yg, respectively, in 11 ml of 


reaction mixture. 


B, C, D. Absorption spectra of materials after heating fraction 2 antigens 


with sulfhydryl-sulfuric acid (CyR10) reagent(5). Spectra were measured on the Beckman 
DU spectrophotometer. 


The chemical composition of Fraction 2 
was distinguished from that of Fraction 1 by 
its lower content of nitrogen, pentose and 
desoxyhexose, by the apparent absence of glu- 
cosamine, and by the presence of an unidenti- 
fied ultraviolet absorption peak at 385-390 my. 
It contained less total carbohydrate, as meas- 
ured by the acid-orcinol procedure. At con- 
centrations of 500 pg Fraction 2 reacted 
strongly with Dische’s naphthol carbohydrate 
reagent and gave specific color complexes with 
sulfhydryl-sulfuric acid reagent(5). The ab- 


sorption maxima of the cysteine-sulfuric acid 
color complexes with Fraction 2 lie approxi- 
mately at the same wave lengths (Fig. 2, B, 
D). An absorption band was located at 265- 
275 mp, and a second very sharp peak at 
385-390 mp. The latter peak occurred in the 
reaction mixture in the absence of cysteine 
(Fig. 2, B, C), but the extinction coefficient 
was slightly lower. On a weight basis, the 
(cysteine) extinction coefficient at 388 mp was 
greatest for L. canicola, less for L. icterohem- 
orrhagiae and least for L. bataviae. The active 
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principle was insoluble in water at pH less 
than 7, and insoluble in absolute ethanol; but 
was readily soluble in water at pH greater 
than 7, and in 75% ethanol. Fraction 2 was 
isolated virtually free of protein only after 
denaturation of the crude cell-protein material 
with tungstic acid. 


Extensive complement fixation tests have 
been applied to the crude cell-protein, inter- 
mediate products, and cell fraction antigens 
derived from the residue materials(7). The 
antigens of the leptospiral cell illustrated 
complement fixation reactivity with homolo- 
gous hyperimmune rabbit serum at concentra- 
tions of antigen of 1 to 3 yg. 


Discussion. A fractionation procedure has 
resulted in the isolation of 4 non-dialyzable, 
pentose-containing, serologically reactive frac- 
tions from the leptospire cell. A proportion- 
ately large amount of a complex, genus- 
specific complement-fixing antigen is isolated. 
A considerable quantity of crude cell-protein 
material remaining after removal of Fraction 
1 is denatured with tungstic acid. The acid 
treated crude substance then serves as the 
starting material from which are isolated 3 
additional cell fractions all of which show 
good complement fixation activity. 


The active principle of Fraction 1 appears 
to be identified with the non-dialyzable pen- 
tose. Purification steps which result in the 
concentration of virtually all of the pentose 
polysaccharide moiety also retain virtually all 
of the complement-fixing reactivity(3). Prep- 
arations have been adsorbed with 20% Atta- 
clay SF(8), resulting in the separation of the 
pentose polysaccharide moiety. The latter 
preparations illustrate reduced complement 
fixation activity depending on the amount of 
pentose separated. 


Fractions 1 and 2 are chemically distinct 
compounds which are spectrophotometrically 
distinguishable from each other. Both prep- 
arations show relatively similar reactivity as 
complement fixation antigens. However, Frac- 
tion 2 contains about one-fourth of the 
amount of pentose found in Fraction 1. The 
pentose carbohydrate in Fraction 2 may be 
different. A possibility exists that the active 
principles in these fractions may be different. 
However, it has not yet been possible to de- 


termine the number of complement-fixing prin- 
ciples in the leptospire cell. 

The cysteine-sulfuric acid (CyR10) reac- 
tion with Fraction 2 preparations of selected 
serotypes of leptospires indicates that this 
color complex contains an unidentified sharp 
peak at 385-390 mp» which may serve as a 
possible aid in the identification of the sero- 
type. 

Fraction 3 is predominantly protein, con- 
taining about 40% of the total nitrogen of the 
cell. Complement fixation reactivity may be 
accounted for by the pentose in this prepara- 
tion, which is possibly a contaminant remain- 
ing after extraction of Fraction 2. It appears, 
therefore, that the protein residue is poorly 
reactive in the complement fixation test or 
has been seriously damaged during the frac- 
tionation procedure. Fraction 4 is a ‘“‘non- 
protein-nitrogen” material and is apparently 
contaminated with carbohydrate residues 
found in Fraction 1. 


Summary. A chemical separation procedure 
which yields four arbitrary cell fractions has 
been developed and applied to three serotypes 
of leptospires. The four complement-fixing 
fractions are non-dialyzable, pentose-contain- 
ing materials, the serological activities of 
which have been measured semi-quantita- 
tively. One or more complement-fixing prin- 
ciples, of nature not yet known, are concen- 
trated in two chemically distinct, relatively 
free of protein, polysaccharide-containing cell 
fractions. The protein constituent (Fraction 
3) of the leptospiral cell was poorly reactive 
in the complement fixation test. Spectrophoto- 
metric differences among preparations of 
Fraction 2 from three serotypes may prove to 
be an aid in the differentiation of serotypes. 


The starting material and hyperimmune rabbit 
serums were provided by the Department of Veterin- 
ary Bacteriology. The complement fixation tests 
were carried out by the Department of Veterinary 
Clinical Pathology. The writer expresses his appre- 
ciation to Mr. William R. Clark and Dr. Marion 
E. Webster for glucosamine and reducing sugar, 
and hexose analyses, respectively. 


1. Schneider, M. D., Proc. Soc. Exp. Bron. AnD 
Mep., 1953, v82, 655. 

Oe , Bact. Proc., Soc. Am. Bact., 1953, p48. 

Se , J. Inf. Dis., in press. 


ADRENAL RESPONSE TO SALICYLATE ADMINISTRATION Si 


4, Fernell, W. R., and King, H. K., Analyst, 1953, 
v78, 80. 

5. Dische, Z., and Shettles, L. B., J. Biol. Chem., 
1948, v175, 595. 

6. Randall, R., Wetmore, P. W., and Warner, A. R., 


J. Lab. and Clin. Med., 1949, v34, 1411. 


7. Unpublished data from this laboratory. 
8. Hiatt, C. W., Rothstein, N., and Yager, R. H., 
Proc. Soc. Exp. Biot. anpD Mep., 1951, v78, 703. 


Received November 30, 1953. P.S.E.B.M., 1954, v85. 


Adrenal Response of Rats to Salicylamide and Sodium Salicylate with and 
Without Para-Aminobenzoic Acid.*+ (20777) 


J. C. Forzes, J. A. Boarp, AND G. M. Duncan. 


From the Department of Biochemistry, Medical College of Virginia, Richmond, and Department of 
Chemistry, Randolph-Macon College, Ashland, Va. 


The administration of either acetylsalicylic 
acid or sodium salicylate to rats has been 
shown to cause a marked drop in the content 
of ascorbic acid and to a lesser extent of 
cholesterol in the adrenals(1-4), an effect 
which is not found in the hypophysectomized 
animal(1,2). Cronheim e¢ al.(1) gave salicyl- 
amide to a few animals and found its effect 
on the adrenals to be somewhat less than that 
of sodium salicylate. In later experiments 
these investigators administered para-amino- 
benzoic acid (PABA) along with sodium 
salicylate but failed to get an augmented 
effect(5). They suggested that their inability 
to demonstrate an additional effect with 
PABA was probably due to the fact that the 
animals were sacrificed too soon after the ad- 
ministration of the drug, namely, 2 hours. 


Since the analgesic effect of salicylamide in 
the experimental animal has been shown to 
be greater than that of acetylsalicylic acid 
(6-8), it was decided to carry out a more 
extensive investigation on its adrenal effects, 
studying not only the intensity of its action 
but also the time required for the adrenal 
cholesterol and ascorbic acid to return to 
normal concentrations. For comparative pur- 
poses experiments were carried out with both 
salicylamide and sodium salicylate, alone or 
with an equivalent amount of PABA. 

Methods. Albino rats were used through- 
out. All animals purchased from a commer- 
cial dealer were placed on our stock diet of 
Rockland rat pellets for at least a week before 
they were used in the experimental work. No 
food was allowed for 16 hours prior to the ad- 


TABLE I. Effect of Oral Salicylamide with and without Para-Aminobenzoic Acid on Adrenal 
Cholesterol and Aseorbiec Acid of Male Rats. 


Concentration following drug administration, % 


Ascorbie acid Cholesterol 
2 hr 4hr 2 hr 4 hr Remarks 
824 + .053* .310 + .037* 3.25 + .29 2.91 + .37* Controls receiving gelatin 
(3) (10) (3) (9) 
164+ .021 .274+ .088 2.70+ .61 2514.65 Salicylamide, 300 mg/kg 
4) (14) (4) (14) 
180+ .029 .272 + .097 9.934.438 2514.72 Idem. + equimolar quantity of PABA 
(4) (15) (4) (15) 
* Stand. dev. 


No. of animals in parentheses. 


*We gratefully acknowledge the financial assis- 
tance given by Charles C. Haskell & Co., Richmond, 
Va., in support of this work. 


+ Part of this work was submitted by one of us, 


J. A. B., in partial fulfillment of requirements for the 
degree of Bachelor of Science, Randolph-Macon Col- 
lege. 


ww 
oo 


Sodium Salicylate with and without Sodium Para-Aminohbenzoate on Choles- 


terol and Ascorbie Acid Content of Adrenals of Male 


vlamide or 


ffeet of Intraperitoneal Administration of Se 


E 


TABLE II. 


Concentration following drug administration, % 


Ascorbie acid 


Cholesterol 


Supplement 


6 hr 


4 hr 
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ministration of the drug. All animals were 
sacrificed by rapid decapitation. The ad- 
renals were removed at once and analyzed for 
ascorbic acid by the method of Roe and 
Kuether (9) and for cholesterol by the method 
of Outhouse and Forbes(10). Animals raised 
in our own colony tended to have a higher 
concentration of both cholesterol and ascorbic 
acid in their adrenals than those purchased 
from commercial dealers. On account of this 
variation both test and control animals used 
in any one experiment were always of the 
same sex and of comparable age and stock. 
Data recorded in Tables I and II were ob- 
tained on rats purchased from the same dealer 
and weighing around 170 g at the time of 
sacrifice. 

Table I shows the results obtained following 
the administration by stomach tube of 300 
mg/kg of salicylamide with and without an 
equimolar amount of PABA. The salicyl- 
amide was suspended in .125% gelatin. Con- 
trol animals received an equivalent volume of 
the gelatin solution. Previous work(11) 
showed that the insertion of the stomach tube 
was in itself a sufficient stress to cause a 
slight drop in the ascorbic acid content of the 
adrenals but that it did not exert a demon- 
strable effect upon the cholesterol concentra- 
tion. The controls were sacrificed 2 and 4 
hours after administration of the gelatin solu- 
tion. It will be seen that the adrenal ascorbic 
acid concentration showed a marked drop 2 
hours after the administration of the sali- 
cylamide, as compared with the controls, but 
was well on the way back to normal in 4 hours. 
Addition of PABA did not augment the sali- 
cylamide effect. The drop in adrenal choles- 
terol was much less definite than in ascorbic 
acid. The general trend, however, was dis- 
tinctly downward. In other experiments in 
which the salicylamide dose was 500 mg/kg, 
the degree of reduction of ascorbic acid was 
about the same as was obtained with the 300 
mg/kg dose but the effect on the cholesterol 
concentration was somewhat more definite. 

In an attempt to obtain more definite in- 
formation on the adrenal response to salicyl- 
amide and the possible influence of PABA, it 
was decided to study their effect when given 
intraperitoneally, using the sodium salt of 
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PABA instead of the free acid. Salicylamide 
was given at a level of 300 mg/kg and Na- 
PABA at a level of 350 mg/kg. Each animal 
received 2 ml of the appropriate solution per 
100 g of body weight. When salicylamide 
was used it was suspended in .125% gelatin- 
64% NaCl solution. The NaCl was omitted 
when Na-PABA was used. It was also omit- 
ted in the accompanying experiments in which 
Na-salicylate was used. Control animals re- 
ceived 2 ml of the gelatin-NaCl solution per 
100 g of body weight. A few were given 350 
mg/kg of Na-PABA only, and since the re- 
sults on these animals did not differ from 
those obtained in the other controls, they have 
been included in the control values. 

The experimental results which are given 
in Table II show that the addition of the 
Na-PABA did not affect the adrenal changes, 
either from the standpoint of intensity of 
effect or duration of action. Although the 
drop in both the ascorbic acid and cholesterol 
was very much the same with both salicyl- 
amide and Na-salicylate, the duration of the 
effect was somewhat longer with Na-salicylate. 
Both compounds showed the lowest average 
concentration of adrenal cholesterol 6 hours 
after their administration, but the return to 
normal was more rapid in the salicylamide- 
treated animals. The lowest concentration of 
adrenal ascorbic acid was found in those ani- 
mals sacrificed 2 hours after salicylamide, but 
4 hours following Na-salicylate administra- 
tion. The ascorbic acid content of the ad- 
renals of the salicylamide-injected animals 
was showing a distinct return towards normal 
by the 4th hour, the time at which the Na- 
salicylate-injected animals showed the lowest 
values. 

Discussion. The concentration of both as- 
corbic acid and cholesterol in the adrenals at 


a given time must represent a balance be- 
tween their rates of utilization or removal on 
the one hand, and their rates of formation or 
deposition on the other. Consequently, the 
more prolonged effect of Na-salicylate on the 
concentration of these substances in the ad- 
renal does not necessarily signify a longer 
period of increased adrenal activity. Further 
studies along other lines would be necessary 
in order to establish a definite answer. 


Summary. Both oral and intraperitoneal 
administration of salicylamide to rats was 
found to cause a drop in the ascorbic acid 
and cholesterol content of the adrenal glands. 
The simultaneous administration of PABA or 
its sodium salt along with either salicylamide 
or Na-salicylate had no influence on the in- 
tensity or duration of the adrenal effect. 
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Cross-Resistance Among 3 Tetracyclines.* (20778) 


SAMUEL S. WRIGHT AND MAXWELL FINLAND. 


From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), 
Boston City Hospital and the Department of Medicine, Harvard Medical School, Boston, Mass. 


In a previous paper(1) it was shown that 
the 3 chemically closely related antibiotics 
tetracycline, oxytetracycline (Terramycin) 
and chlortetracycline (Aureomycin) exerted 
very similar antibacterial action against most 
of the pathogenic strains which were studied. 
In general, the bacteria tested were equally 
sensitive or resistant to all 3 analogues under 
the conditions of the test that was used, al- 
though for individual strains or species there 
was a significant quantitative difference in the 
action of one or another of these analogues. 
Earlier studies(2-7) had shown considerable 
cross-resistance between chlortetracycline and 
oxytetracycline and some cross-resistance be- 
tween these 2 agents and chloramphenicol. 
It was, therefore, of interest to determine 
whether similar cross-resistance could be 
demonstrated im vitro with the new antibiotic, 
tetracycline, which lacks both the organic 
chlorine ion of chlortetracycline and the OH 
group which characterizes oxytetracycline. 


Materials and methods. ‘Tetracycline 
(Achromycin) hydrochloride was provided in 
crystalline form in sterile vials by Dr. Stanton 
M. Hardy of Lederle Laboratories. The other 
antibiotics employed were similar to those 
used in previous studies(8). The organisms 
used were recently isolated from single colony 
cultures of infectious material from patients 
in the hospital. These were grown in brain- 
heart infusion broth (Difco), pH + 7.4, con- 
taining serial 4-fold dilutions of tetracycline 
and of oxytetracycline, and subcultures were 
made at 3- or 4-day intervals from the tube 
containing the highest concentration of anti- 
biotic which permitted nearly optimum growth 
to another series of tubes of broth containing 
the same antibiotic. (Chlortetracycline was 
not used for such subcultures because during 
such long periods of incubation deterioration 
of that antibiotic is so great as to render the 


* Aided by a grant from the U. S. Public Health 
Service. 


results invalid for comparisons.) After 20 
such subcultures, the 2 series of strains from 
the antibiotics and their parent strains which 
had not been exposed to any antibiotics, were 
tested simultaneously to each of the 3 tetracy- 
cline analogues by a 2-fold agar plate dilution 
method(9). All of the organisms were then 
subcultured once in antibiotic-free broth and 
strains from all 3 series were tested simultane- 
ously for sensitivity to penicillin, streptomy- 
cin, chloramphenicol, bacitracin, polymyxin 
B (Aerosporin), neomycin and erythromycin 
by the same agar plate dilution method. The 
sensitivity of any strain was considered to be 
the minimum concentration of the antibiotic 
which failed to produce visible growth in 24 
hours. 

Results. Cross-resistance among the tetra- 
cyclines. The sensitivities to tetracycline, 
oxytetracycline, and _ chlortetracycline of 
the parent strains and of those which 
had been subcultured 20 times in broth 
containing graded concentrations of either 
tetracycline or oxytetracycline are listed 
in Table I. Each of the organisms in- 
creased in resistance from 16- to 256-fold 
against the antibiotic to which it had been 
exposed. All of these organisms also increased 
in resistance against each of the other 2 
analogues, and the increases were of the same 
order of magnitude as against the homologous 
antibiotics; in some instances the increases in 
resistance against the heterologous agent ex- 
ceeded those which were demonstrated against 
the antibiotic to which the organisms had 
been exposed, but the reverse was observed 
just as frequently. 

Cross-resistance to other antibiotics. Tests 
with the 3 series of cultures showed no sig- 
nificant differences in sensitivity to penicillin, 
streptomycin, bacitracin, polymyxin B, neo- 
mycin or erythromycin; in every instance the 
minimum inhibiting concentration of the tetra- 
cycline-resistant and oxytetracycline-resistant 
variants for each of these antibiotics was 
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TABLE I. Cross Resistance to Other Tetracycline Analogues after Repeated Subcultures in 
Broth Containing Tetracycline or Oxytetracycline. 


Minimum inhibiting concentration, pg/ml 


——Tetracyecline—_, 7——Oxytetracycline~ -—Chlortetracycline—, 

Strain ele) me ON<20) iP M20 OSe20 2 D2 0 O20 
K. pneumoniae 6.3 800 800 6.3 800 800 25 400 400 
Enterococeus1 1.6 50 800 3.1 100 800 3.1 50 100 
a‘ ry ALG 50 800 3.1 100 800 ail 50 100 
Staph. aureus 1 8 25 100 8 25 50 1.6 25 25 

2 iP eeige 8 100 25 1.6 200 50 1.6 50 125 
E.coli 3.1 400 50 3.1 200 50 12.5 200 100 
A. aerogenes 6.3 800 800 6.3 800 800 12.5 200 200 
Strep. viridans 1.6 100 50 8 100 200 1.6 50 50 


*P—parent strain not previously exposed to antibiotics; 


Tx<20 —same strain after 20 


subcultures in broth containing tetracycline; O20 — same strain after 20 subcultures in broth 


containing oxytetracycline. 


TABLE II. Cross-Resistance to Chloramphenicol 
in Organisms Exposed to Tetracycline or Oxytetra- 
cycline. 


M.1.9.* of chloramphenicol, n»g/ml 


Strain subcultured 
20 times in 


Parent Tetra- Oxytetra- 

Organism strain eycline eycline 
K. pneumoniae 50 >400 > 400 
Enterococcus 1 25 50 25 
x8 2 25 25 25 
Staph. aureus 1 25 50 25 
a = 2 25 100 25 
E. coli 25 400 400 
A. aerogenes 100 > 400 >400 
Strep. viridans 6.3 25 25 


* Minimum inhibiting concentration. 


either identical with that of the parent strain 
or varied from it by only a single 2-fold dilu- 
tion. The sensitivities to chloramphenicol, 
however, showed significant changes and are 
listed in Table II. As in the previous study 


with chlortetracycline and oxytetracycline(7), . 


only the coliform organisms which had been 
made resistant to the tetracyclines exhibited 
significant cross-resistance to chloramphenicol, 
whereas the tetracycline- and oxytetracycline- 
resistant gram-positive organisms showed 
either no cross-resistance or only slight in- 
creases in resistance to chloramphenicol. 
Miscellaneous observations. The strains of 
the 20th transfer in the antibiotics were also 
compared in several ways with their respective 
parent strains. On antibiotic-free blood agar 
plates, the strains transferred directly from 
the antibiotic containing broth grew more 
slowly and formed much smaller colonies. 
This was particularly striking with the staphy- 


locecci of which there were tiny colonies, 
visible only after magnification, interspersed 
among somewhat larger colonies; the small 
ones corresponded morphologically to the so- 
called G forms(10). These staphylococcal 
colonies also produced less pigment than the 
parent strain. The strain of Staph. aureus 2 
which had been subcultured in oxytetracycline 
failed to coagulate human plasma, whereas 
all of the other staphylococcal strains did so 
when tested at the same time with the same 
plasma. Penicillinase was produced by both 
the parent and the resistant variants of Staph. 
aureus 2, when the latter were tested after a 
single subculture in antibiotic-free broth. On 
eosin-methylene blue agar, the 3 coliform 
organisms that had been subcultured in the 
antibiotics produced smaller colonies than 
their respective parent strains, and the col- 
onies of the antibiotic-resistant variants of 
K. pneumoniae were flatter and less mucoid 
than those of their parent strain. On gram 
stain the organisms taken directly from the 
antibiotic-containing broth were generally 
smaller and much more pleomorphic than their 
respective parent cultures grown in the same 
broth without antibiotic. The resistant gram- 
positive organisms stained poorly and the 
resistant variants of K. pneumoniae had lost 
their capsules. Resistance to heat was re- 
tained by all the strains of enterococci. The 
reaction of E. coli and A. aerogenes to Sim- 
mons citrate agar was unchanged. 
Conclusions. Organisms made resistant in 
vitro to either tetracycline or oxytetracycline 
by repeated subcultures in these antibiotics 
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developed essentially complete cross-resistance 
to each other and to chlortetracycline. No 
cross-resistance or increases in sensitivity to 
penicillin, streptomycin, bacitracin, poly- 
myxin, neomycin or erythromycin developed 
as a result of the increases in resistance to the 
tetracyclines. Three strains of coliform bacilli 
each showed significant cross-resistance to 
chloramphenicol following subcultures in 
either tetracycline or oxytetracycline, but 
similar cross-resistance was not observed in 
5 gram-positive coccal strains. 
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Prevention of Urinary Calculi Formation in Mink by Alteration of 


Urinary pH.* 


(20779) 


W. L. LEOSCHKE AND C. A. ELVEHJEM. 


From the Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison. 


Chemical analyses of mink urinary calculi 
(1) have shown that the main component is 
magnesium ammonium phosphate hexahyd- 
rate (MgNH,PO,°6H20O). Small amounts 
of calcium phosphate and magnesium phos- 
phate may also be present. Magnesium am- 
monium phosphate calculi are a type of calculi 
known to form in an alkaline urine. Jn vitro 
studies(2) have shown that magnesium am- 
monium phosphate is quite soluble in water 
when the pH is reduced to 6.0 or less. How- 
ever, there is a sharp drop in the solubility of 
this compound when the pH range is 6.0 to 
7.5. The pH of urine from mink on ranch 
diets varies from 5.5 to 7.5(3,4). It appears 
that the pH of the urine is an important factor 
in the formation of urinary calculi in mink. 

The alteration of urinary pH by dietary 
means may be a logical method to attack the 
urinary calculi disease problem in mink. A 


* Published with the approval of the Director of 
the Wisconsin Agricultural Experiment Station. 


practical and inexpensive means of acidifying 
the urine is the addition of the chemical am- 
monium chloride (NH,4Cl) to the diet. Studies 
on the use of ammonium chloride for the pre- 
vention of urinary calculi in mink are pre- 
sented in this report. 

Experimental. Mink were placed in indi- 
vidual metabolism cages and were given the 
following ranch diet: commercial mink cereal,t 
25%; horsemeat (with bone), 60%; and 
horse liver, 15%. During the ammonium 
chloride feeding period (Experimental Period 


TABLE I, Alteration of Mink Urinary pH by 
Ammonium Chloride. 


Exp. Urinary pH* 
period Diet Avg Range 
i Ranch diet 6.4 6.0-6.8 
It Ranch diet + 1g 5.7 5.5-5.9 


NH,Cl/mink/day 


* Avg of 5 different 24-hr urine collections from 
17 mink. 


t Federal Xtra Mink Mix. 
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FIG. 1. Typical losses of pregnant mink due to 


urinary calcul on a mink ranch during the spring 
of 1952. 


II) 1 g of ammonium chloride (U.S.P. grade) 
was added to each mink’s daily ration with 
thorough mixing. The mink urine samples 
were collected under toluene. Immediately 
after each 24-hour urine collection period the 
pH of the urine was measured with a glass 
electrode pH meter. 

The results are shown in Table I. The 
addition of ammonium chloride at a level of 
1 g per mink per day lowers the average pH 
of the urine from 6.4 to 5.7. With ammonium 
chloride in the diet the range of urinary pH 
among individual animals is from 5.5 to 5.9. 

The incidence of urinary calculi in mink 
is largely confined to two distinct periods of 
the year. In the spring calculi are found pri- 
marily in female mink during pregnancy or 
soon after whelping of the kits. In the sum- 
mer months calculi occur mainly in young 
male kits. Fig. 1 shows typical losses of 
pregnant mink due to urinary calculi on a 
mink ranch during the spring of 1952. With- 
in a period of 3 months 84 out of the 2,000 
pregnant mink on the ranch were lost with 
urinary calculi. From Fig. 1 it is seen that 
the critical period of urinary calculi forma- 
tion in female mink is during the months of 
April, May and June. The acidification of 
mink urine during this critical period by 
dietary ammonium chloride might be a means 
of preventing urinary calculi formation in the 
mink. 

An experiment designed to study the effect 
of dietary ammonium chloride on the forma- 
tion of urinary calculi in mink was set up 
in the spring of 1952. Six hundred Royal 


Pastel female mink (bred in March) were 
divided into 2 experimental groups. The 
400 mink in Group I received the regular 
ranch diet. The 200 mink in Group II re- 
ceived the regular ranch diet plus 1 g of 
ammonium chloride per mink per day (200 g 
of ammonium chloride added daily to their 
portion of the ranch ration). The ammonium 
chloride was added to the diet of Group II 
from April 22 to May 27. From the data 
shown in Table II it is evident that the addi- 
tion of ammonium chloride to the mink’s diet 
at a level of 1 g per mink per day will pre- 
vent the formation of urinary calculi. By 
July 1, 16 out of the 400 mink in Group I 
on the ranch diet had died with urinary 
calculi. Of the 200 mink in Group II on 
the ranch diet plus ammonium chloride, only 
one mink had died with urinary calculi. This 
mink died only 3 days after the beginning 
of the experiment. This would indicate that 
the calculi had already been formed in the 
bladder of the mink. There were no indica- 
tions of toxicity of ammonium chloride to the 
mink. 

In the spring of 1953 the use of ammonium 
chloride for the prevention of urinary calculi 
in mink was extended to include over 50,000 
mink on 100 mink ranches in the United 
States and Canada. In order to determine the 
minimum level of ammonium chloride in the 
diet required to prevent the formation of 
urinary calculi, a % g level as well as the 1 g 
level of the chemical was tested. Preliminary 
pH studies (6 mink) had shown that a level 
of % g of ammonium chloride per mink per 
day would lower the urinary pH from 6.3 to 
5.8. Ten thousand mink received ammonium 
chloride at a level of 1 g per mink per day 
and 40,000 mink received the chemical at 
a level of % g per mink per day. Because it 


TABLE II. Effect of Dietary Ammonium Chloride 
on Formation of Urinary Caleuli in Mink. 


No. of 
deaths due 


Exp. No. of to urinary 
group mink Diet ealeuli 

[ 400 Ranch diet 16 

Ie 200 Ranch det + 1¢ Ll 


NH,Cl/mink/day 


* This mink died 3 days after start of exp. 
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was impractical for the mink ranchers to di- 
vide their mink into separate groups for con- 
trol measures, whole ranches were placed on 
the ammonium chloride feeding program. The 
experimental period was from April 10 to 
June 1, 1953. Mink ranches feeding am- 
monium chloride at the 1 g level had small 
losses of mink with urinary calculi (less than 
.2%). Over half of those ranches which fed 
the % g level of the chemical had some sig- 
nificant losses of mink with urinary calculi 
(.5-3.0% ). 

Discussion. The addition of ammonium 
chloride to the diet of the mink at a level of 
1 g per mink per day is a practical and effec- 
tive means of preventing the formation of 
urinary calculi in mink. The feeding of 
ammonium chloride at a level of % g per 
mink per day has been found to be ineffective 
in preventing urinary calculi formation on 
many mink ranches. It should be emphasized 
that the ammonium chloride regimen for the 
control of urinary calculi disease in mink is 
only a prophylactic measure. The urinary 
pH produced by the recommended level of 
ammonium chloride feeding is not low enough 
for rapid dissolution of the mink calculi. Al- 
though small urinary calculi may be dis- 
solved, the animal may die before the larger 
calculi have been dissolved by the slightly 
acid urine. Partially dissolved calculi have 
been observed in mink from mink ranches 
starting the ammonium chloride feeding pro- 


gram late in May, i.e., towards the end of 
the critical period of urinary calculi formation 
in mink. 

The effectiveness of the ammonium chloride 
feeding program in preventing calculi forma- 
tion in mink emphasizes the importance of 
urinary pH in urinary calculi formation. Urin- 
ary pH may be altered by dietary as well as 
by chemical means. It may be possible to 
control urinary calculi disease in mink by 
dietary management. The low incidence of 
urinary calculi on ranches feeding high levels. 
of fish would indicate that control of urinary 
calculi in mink by dietary management may 
be feasible. 

Summary. The formation of magnesium 
ammonium phosphate (MgNH,4POx,* 6H20) 
urinary calculi in mink can be prevented by 
the addition to the mink’s diet of 1 g of 
ammonium chloride (NH,Cl) per mink per 
day. A level of % g of NH,Cl per mink per 
day has been found to be ineffective in pre- 
venting urinary calculi formation in mink. 
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Localization of Cu®t in Serum Fractions Following Oral Administration: 


An Alteration in Wilson’s Disease. (20780) 


A. G. BEARN AND HENRY G. KuNKEL. 
From the Hospital of The Rockefeller Institute for Medical Research, New Vork. 


Previous work(1,2) has shown that the cir- 
culating serum iron is bound specifically to a 
8,1 globulin and that under normal conditions 
no binding occurs with any of the other plasma 
components. Experiments in vitro, however, 
have shown that this metal combining globu- 
lin will also form complexes with copper and 
zinc(2,3), and it was initially suggested that 


copper may be transported in the circulation 
attached to the 8; metal combining globulin. 
More recently Holmberg and Laurell(4) have 
shown that copper in human serum is largely 
bound to a protein with a mobility of an as 
globulin. This protein has been named cerulo- 
plasmin and has been shown to exhibit oxidase 
activity towards a variety of substrates, the 
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best of which is paraphenylenediamine(5,6). 
A small percentage of the serum copper, how- 
ever, does not exhibit oxidase activity, and it 
has been suggested that this copper represents 
transport copper(7). The precise serum frac- 
tion to which the non ceruloplasmin copper is 
bound and the form in which it is transported 
remains unknown. 

In this report electrophoretic separation of 
the serum of man and the rat following the 
oral administration of radioactive- Cu® has 
enabled a more precise analysis of the roles 
of ceruloplasmin and non ceruloplasmin cop- 
per to be undertaken. Patients with Wilson’s 
disease have also been studied since this 
disease is characterized by a deficiency of 
ceruloplasmin(8,9) associated with an in- 
creased urinary excretion of copper(10). Pa- 
tients with cirrhosis of the liver exhibiting an 
increased ceruloplasmin level(11) were also 
studied. 

Methods and materials. Radioactive copper 
was obtained from the Oak Ridge National 
Laboratory in the form of copper wire. This 
was converted to copper nitrate, and was ad- 
ministered orally(12). The rats received 2 mc 
containing 25.6 mg copper and in man a dose 
of 1 mc containing 12.8 mg copper was used. 
Samples of blood were removed at timed inter- 
vals and radioactivity measurements carried 
out using a Geiger Miiller counter. Electro- 
phoretic separation of 1-4 ml samples of serum 
was carried out in a starch supporting medium 
by a slight modification of the method de- 
scribed by Kunkel and Slater(13). To elim- 
inate air spaces between the starch block and 
the material covering the block, wax paper 
was applied to the starch while still wet fol- 
lowing pouring of the starch buffer mixture 
into a mold. The starch block was then dried 
by means of blotting paper at the ends and 
sides. The close contact of the wax paper to 
the starch block prevented condensation of 
liquid in the form of small bubbles beneath 
the wax paper during the electrophoresis ex- 
periment. The sample was applied through 
a flap in the wax paper. After the separation, 
the starch block was cut in segments and the 
liquid removed from each segment by dis- 
placement filtration(13). Aliquots were taken 
for measurements of radioactivity and also 
for the construction of a protein curve using 
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Electrophoretic separation of rat serum 
following the administration of Cu by mouth. In 
this and succeeding 2 figures the solid line repre- 
sents radioactivity and the dashed line represents 
the protein curve. 
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the modified Folin Tyrosine method(14). 
Results. Observations on rats. Cu®* was 
added in vitro to rat serum which was then 
subjected to zone electrophoresis in a starch 
supporting medium. When 2.0 »g copper was 
added to the serum, it was found that the 
radioactivity was confined to the albumin com- 
ponent. The radioactive copper was also given 
orally to rats who were bled at timed intervals, 
and the serum obtained subjected to zone 
electrophoresis. Fifteen minutes after its ad- 
ministration, the radioactive copper was lo- 
cated primarily in the albumin fraction. At 
4’% hours the majority of the radioactivity 
was still present in the albumin but a hump 
had occurred in the a; globulin region account- 
ing for about 15% of the total activity in the 
serum. At 24 hours the albumin peak had 
decreased strikingly and over 70% of the 
total activity was now found in the a; globulin 
region. These results are graphically illus- 
trated in Fig. 1. The close proximity of the 
globulin peak to the albumin peak made com- 
plete separation from the albumin peak diffi- 
cult. However, the peak of maximum radio- 
activity at 24 hours was well separated from 
the albumin peak. The slight hump on the 
descending curve of the a; globulin copper 
peak represents, at least in part, copper re- 
maining in the albumin fraction. Direct meas- 
urements of oxidase activity in rat serum em- 
ploying paraphenylenediamine as the substrate 
localized all the ceruloplasmin activity to the 
a, globulin region. No oxidase activity was 
demonstrated in the albumin peak. 
Observations in man, Experiments were 
carried out in control subjects, patients with 
cirrhosis of the liver and patients with Wil- 
son’s disease. Cu®t was added in vitro to 
normal serum, serum from patients with cir- 
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FIG. 2. Distribution of radioactive copper in the 
electrophoretically separated fractions of the serum 
of control subjects following the administration of 
Cu by mouth. 


12 hours-: 
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FIG. 3. Distribution of radioactive copper in the 
electrophoretically separated fractions of the serum 


from a patient with Wilson’s disease following 
oral administration of Cu™. 


rhosis of the liver and serum from 2 patients 
suffering from Wilson’s disease. Starch zone 
electrophoresis revealed that in all the groups 
studied when 0.25 pg copper was added to the 
serum the added copper became bound to the 
albumin fraction since all the radioactivity 
was confined to this component. Small 
amounts of radioactive copper appeared in 
other fractions when 2.5 »g copper was added 
to 1 cc of serum. In the in vivo experiments 
the low radioactivity found in the serum 
made it necessary to separate at least 2 ml 
serum. 


Blood samples drawn 15 minutes after the 
oral administration of 1 mc of Cu®* showed 
that the radioactivity was again confined to 
the albumin peak. At 6 hours, in control sub- 
jects, a significant proportion of the radio- 
activity had been transferred to the az globu- 
lin region (Fig. 2). In patients with Wilson’s 
disease, however, the radioactivity was still 
confined to the albumin peak, and no radio- 
activity was present in the ay globulin frac- 
tions (Fig. 3). In control subjects blood 
drawn at 12 hours revealed that over 70% of 
the radioactivity in the serum was now located 
in the ay globulin fraction. In patients with 
Wilson’s disease, however, the majority of the 


radioactivity was still confined to the albumin 
and the a, globulin fraction of the serum 
contained little or no radioactive material. 
The short half life of copper prevented long 
term studies being carried out, but serum 
drawn at 24 hours, in patients with Wilson’s 
disease, still showed a considerable amount of 
radioactive copper associated with the albu- 
min fraction with little or none in the cerulo- 
plasmin. In normal subjects at 24 hours the 
major peak was now in the ceruloplasmin and 
only a very small amount of radioactive cop- 
per was still associated with the albumin 
component. 

Serum from normal subjects who had not 
received radioactive copper, was also sub- 
jected to zone electrophoresis and confirmed 
that the majority of the serum copper was 
located in the ay globulin fraction (Fig. 4). 
A small peak present in the albumin fraction 
was due in part to contamination with trace 
amounts of copper since the height of this 
peak was dependent in large part on the care 
taken to eliminate contaminating copper from 
the starch and buffer materials(15). More- 
over, over 90% of the total copper in the 
serum could be accounted for by the copper 
in the a2 globulin peak. All the oxidase ac- 
tivity of the serum was confined to the az 
globulin peak which therefore represents ceru- 
loplasmin(15). The ceruloplasmin copper 
peak in rat serum migrates closer to the al- 
bumin than in the human and the oxidase 
activity is also located in this fraction. 

An additional alteration noted in the pa- 
tients with Wilson’s disease following the oral 
administration of Cu® was an increased urin- 
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FIG. 4. Curves showing the distribution of chem- 

ically determined copper in normal serum. Cerulo- 

plasmin, measured enzymatically, is localized in 
Tube 8. 
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ary excretion of Cu®! compared with normal 
subjects. This was also observed after intra- 
venous administration. Fecal excretion of 
Cu" was however diminished compared with 
normal subjects when the copper was given by 
the latter route. 

Discussion. It has been shown by Klotz 
(16) that serum albumin is capable of binding 
copper im vitro. The results of this study 
show that under normal conditions copper 
added to serum is not bound to the metal 
combining globulin but is bound to the albu- 
min fraction of serum. The possibility that 
some other protein migrating with the albumin 
fraction binds the copper appears remote. 
Following the oral administration of copper 
to rats, normal subjects and patients with 
Wilson’s disease the copper initially is also 
bound to the serum albumin fraction. In 
normal subjects and patients with cirrhosis of 
the liver the copper appears relatively quickly 
in the ceruloplasmin and disappears from the 
albumin. In the rat the shift of the radio- 
activity to the a, globulin region was slower 
than that found in control subjects and is 
probably related to the difference in the 
amount of copper administered to the two 
groups. In patients with Wilson’s disease, 
however, there is a specific deficiency of 
ceruloplasmin and the copper remains con- 
fined to the albumin component and no shift 
of the radioactive copper to other plasma 
components occurs. Earl and _ Selverstone 
(17) have used 50% precipitation with am- 
monium sulfate to fractionate the serum pro- 
teins following the oral administration of Cu. 
In normal subjects and patients with Wilson’s 
disease the radioactivity first appeared largely 
in the supernatant. Later the radioactivity 
in normal subjects was found in the precipi- 
tate, whereas in patients with Wilson’s disease 
the radioactivity still largely remained con- 
fined to the supernatant. The present work 
suggests that the serum component which is 
not precipitated by 50% ammonium sulfate 
and to which radioactive copper is bound in 
Wilson’s disease is serum albumin, and no sig- 
nificant binding with any other plasma com- 
ponent occurs. 

Since copper is first associated with the al- 
bumin fraction following absorption from the 


intestine it is probable that this fraction is 
concerned with the transport of copper to 
ceruloplasmin and also to various tissue cop- 
per proteins. Although the rate at which cop- 
per disappeared from the albumin component 
and appeared in the ceruloplasmin in both rat 
and man was partially dependent upon the 
dose administered, rapid uptake of copper in 
ceruloplasmin was apparent. 


Summary. 1. The administration of Cu® 
by mouth to the rat resulted in an immediate 
uptake of the copper by the albumin fraction 
of serum as indicated by experiments employ- 
ing zone electrophoresis for the separation of 
the serum. Later the copper shifted to the 
major copper protein in rat serum, which has 
the approximate mobility of an a, globulin. 
2. The administration of Cu®! by mouth to 
normal subjects and patients with cirrhosis of 
the liver also resulted in an immediate uptake 
of copper by the serum albumin fraction. The 
radioactivity shifted within a few hours to the 
a2 globulin, ceruloplasmin, the major copper 
protein in human serum. 3. When radioactive 
copper was administered to patients with Wil- 
son’s disease, the radioactivity was confined to 
the albumin peak and little or no localization 
of the copper to the a» globulin fraction 
occurred. 
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Autoradiographic Studies on Iron-59 Turnover by Erythroid Cells in 


Rat Bone Marrow. 


Mario E. AUSTONI.* 


(20781) 


(Introduced by J. H. Lawrence.) 


From the Section on Research Medicine, Donner Laboratory, University of California, Berkeley. 


From the data on hemoglobin formation in 
the human bone marrow obtained by Thorell 
(1) with the aid of absorption microspectro- 
scopy, it is known that “the endocellular syn- 
thesis of hemoglobin does not start before the 
ribose polynucleotide metabolism is finished” 
and that ‘“‘the formation of the Fe-porphyrin 
component and probably also the simultane- 
ous coupling to hemoglobin takes place chiefly 
during a later maturation phase.” Since, 
from the data of Thorell(1), the ribose poly- 
nucleotide metabolism appears to be con- 
cluded within the basophilic phase of erythro- 
poiesis, the polychromatic and orthochromatic 
erythroblasts appear to be the cells in which 
the Fe-porphyrin and hemoglobin appear first. 
He has evaluated the hemoglobin content in 
polychromatic erythroblasts to be 25%, in the 
orthochromatic 20-25%, and in the erythro- 
cyte 33%, while the basophilic erythroblast 
either does not contain hemoglobin or the con- 
tent is not measurable (less than 0.5%). 
These data, which agree with what is known 
about hemoglobin formation through the mor- 
phology and the staining of immature red 
cells, do not seem to be substantiated by the 
isotopic technic, since the rapidity with which 
the radioiron is taken up by the erythroid cell 
is so great that it is probable that the earliest 
stages of the erythroblasts (pro-erythroblasts 
and basophilic erythroblasts) are also actively 
involved in the formation of hemoglobin in 


* On leave of absence from Medical Pathology In- 
stitute, University of Padua, Italy, during tenure of 
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the red cells. Clinical studies on patients 
with refractory anemias, showing uptake of 
iron in the bone marrow, but with little ap- 
pearing in the peripheral red cells, also sug- 
gest that Fe must enter into the immature red 
cell precursors. This hypothesis can be veri- 
fied only by using the qualitative procedure of 
autoradiography of bone marrow smears after 
radioiron administration. Other technics now 
available cannot discriminate between the 
different stages of erythropoiesis. There is no 
record of such an investigation with iron, al- 
though London and coworkers(2), Altman 
et al.(3), and Boyd and associates(4) have 
employed this technic to demonstrate that 
glycine labeled with C1* or N® is taken up 
in vivo and in vitro by the immature red cells 
of the bone marrow and is incorporated into 
hemoglobin. 

In the present study the stripping film 
autoradiographic technic, which gives the 
proper resolution for this purpose, was 
adopted to detect the first appearance of 
labeled iron in the earlier stages of erythro- 
poiesis in the rat. 


Method. A single dose of 80 ye of Fe-59- 
labeled ferric chloride in citrated solution was. 
given intraperitoneally to 5 young rats of the 
Long-Evans strain, weighing about 160-180 g. 
The animals were then placed under ether 
narcosis, and sufficient bone marrow to make: 
very thin smears was obtained from the 
femur or the tibia at specified intervals (14, 
1,3, and 6 hours). In order to obtain hyper- 
plastic and hyperactive bone marrow, two 
additional animals were bled of half their 
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TABLE I. Percentage of Labeled and Nonlabeled Cells in Rat Bone Marrow 6 Hr ai 
Intraperitoneal Administration of 80 Microcuries Fe-59Cls. 


Negative 


— Positive 


Se ie a 

(-) +4 F44+ +444 Total 
Pro-erythroblasts 25 @il aul 2 1 75 
Basophilie erythroblasts 25 Soon 8 2 75 
Polychromatic erythroblasts 12 17 49 20 2 88 
Orthochromatic erythroblasts 0 JOS 49 4 100 
Red cells 70 21 8 al 0 30 


blood volume by heart puncture 4 days before 
administering 100 pc and 25 pc, respectively. 
After drying the smears at room temperature, 
the samples were fixed in pure methanol for 
3 to 5 hours. In a darkroom, the smear sur- 
face was then covered with 1 cm x 1% cm 
stripping film (NTB2 Kodak autoradio- 
graphic stripping film) by lifting the slide 
from beneath the film, which was floating in 
distilled water (the film must remain in water 
until thoroughly wet and swollen.) After 
complete drying in the dark, the slides were 
stored in a black box for 14 days and then 
developed with Kodak D19 developer for 3 
hours at 20°C. After gentle washing in dis- 
tilled water or 1% acetic acid (to break the 
developing), fixing took place in 20% sodium 
thiosulfate and 5% sodium bisulfite. After 
careful washing, the preparation was allowed 
to dry and then examined under the micro- 
scope in order to follow the Ag/Br reduction 
by the radioactivity. The smears were then 
stained with Giemsa solution. through the 
film for 7 to 8 minutes. Such staining yields 
a fairly well differentiated preparation; even 
if the colors of the elements are slightly dif- 
ferent from usual, a skillful observer can 
easily recognize the main characteristics of the 
cells. 

The following characteristics were the most 
useful in differentiation of the erythroid 
series: (a) Pro-erythroblast: Diameter 12 p, 
aspect very like the stem cell, large nucleus 
with one or two large nucleoli surrounded by 
a thin superficial layer of nucleolus-associated 
chromatin, thin cytoplasm of light blue color. 
(b) Basophilic erythroblast: Diameter 10 p, 
characteristic chromatin and cytoplasm col- 
ors; no nucleus. (c) Polychromatic erythro- 
blast: Diameter 8 p», thicker chromatin and 
thinner layer of cytoplasm in which it is very 
difficult to demonstrate the first appearance 


of hemoglobin; with this technic the cyto- 
plasm is usually uniformly blue. (d) Ortho- 
chromatic erythroblast: Diameter 6 p, pyc- 
notic nucleus; with this technic the cytoplasm 
appears mostly blue-greenish; sometimes it is 
lightly pink or yellowish. 

Results. Since the activity estimation 
based on grain counting is always subjective, 
especially when there is, as in our case, a 
high background, the results will be based on 
the qualitative impression of the preparations, 
using quantitative determinations only to dif- 
ferentiate between the active and nonactive 
cells. 

At % and one hour after iron administra- 
tion in the normal rat, there is no definite 
evidence of activity in the cells, at least after 
14 days’ exposure of the stripping film and 
with the radioactivity of the injected material 
(80 pc). After 3 to 6 hours, radioiron ap- 
pears in significant amounts in all stages of 
erythropoiesis as shown by the accompanying 
tables. From the data presented in Table I, 
it appears that labeled iron is present in de- 
tectable amount as early as in the pro-erythro- 
blastic stage of red cell formation. It is not 
known if this is connected with hemoglobin 
formation, but the increasing content of 
radioiron in the more mature cells (100% of 
orthochromatic erythroblasts appear active 
after 6 hours) provides excellent indirect evi- 
dence of this assumption. The fact that red 
cells do not appear to be as active as the 
immature cells can be attributed to the fact 
that their population has been diluted by cir- 
culating red cells and consequently the results 
are not comparable. 

In the rats rendered anemic by bleeding, 
the marrow appeared hyperplastic and hyper- 
active. The qualitative evaluation of the 
activity of the marrow from these animals 
is presented in Fig. 1 and Table II. In this 
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FIG. 1. Autoradiographie pictures of rat bone marrow 3 hr after intraper. inj. of 100 micro- 
curies labeled Fe-59Cl, (stripping film autoradiography after 14 days exposure. Staining with 
Giemsa solution through stripping film, after development. Microphotographs at 1400 x). 
In spite of poor differentiation of the element morphology and of the marked background (prob- 
ably due to old stripping film or to lack of storage im refrigerator after exposure) the activity 
of labeled immature erythroid cells is evident even in earlier stages of erythropoiesis. 
First row (from left to right): Erythroid elements with high activity. In (a) a pro-erythro- 
blast and an orthochromatic erythroblast; (b) a basophilic erythroblast; (¢) a polychromatic 
erythroblast; (d) orthochromatic erythroblast. 2nd row: Groups of erythroid cells with high 
activity. In (a) group of 4 polychromatic and orthochromatie erythroblast with almost com- 
plete darkening of film surface; (b) group of a pro-erythroblast, of a polychromatie and ortho- 
chromatic erythroblasts; (¢) 3 basophilic elements with marked darkening. 3rd row: Groups 
of elements with lower activity. In (a) pro-erythroblast, a polychromatie and an orthochromatic 
erythroblasts with low activity; on the right upper corner an erythrocyte without a definite 
activity; (b) pro-erythroblast with moderate activity; (¢) 2 polychromatic erythroblasts with 
fairly good activity. 


TABLE ITI. Percentage of Labeled and Nonlabeled Cells in Anemic Rat 3 Hr after Intraper. 
Admin. of 100 Microcuries Labeled Fe-59Cl,. 


Negative — Positive ——————__, 

-) + $+ +44 +444 Total 
Pro-erythroblasts 63 32 5) 0 0 37 
Basophilic erythroblasts 18 55 24 3 0 82 
Polychromatie erythroblasts 6 24 48 22 0) 94 
Orthochromatic erythroblasts 10 55 384 1 0 90 
Red cells 93 7 0 0) 0 a 


( 
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case the peak is reached at the polychromatic 
stage (94%), and higher activity is revealed 
in the basophilic erythroblasts. These data 
should be considered in relation to relatively 
earlier sampling (3 hours), the higher radio- 
iron dosage (100 pc), and the stimulation of 
bone marrew by previous bleeding. 

The present investigation then shows that 
in the rat and with the doses used, there is a 
definite turnover of radioiron even by the 
earliest erythroid elements, namely _ pro- 
erythroblasts and basophilic erythroblasts. 
This was not known before, and it can be 
assumed as indirect evidence of the earliest 
stages of hemoglobin formation in the marrow. 

Summary. The presence of iron-59 in the 
earliest stages of the erythroid series of the 
rat bone marrow was demonstrated by means 
of stripping film autoradiography after intra- 
peritoneal injection of labeled ferric chlorides. 
Pro-erythroblasts and basophilic erythroblasts 


1 


on 
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take up a detectable amount of radioiron after 
3 to 6 hours. The maximum uptake, however, 
occurs in the polychromatic and orthochro- 
matic stages. 


The author is grateful to Dr. John H. Lawrence, 
Director, Donner Laboratory, for advice and assis- 
tance in research work and preparation of paper. 
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A Metabolic Study of Hydrocortisone in Rats. (20782) 


H. H. Tomizawa, H. T. NArawara,* C. A. GrBBons, AND R. H. WILLIAMS. 
From the Department of Medicine, University of Washington, Seattle. 


It has been demonstrated that slices of rat 
liver, kidney and spleen all effectively inactiv- 
ate cortisone(1). Blood 17-hydroxycorti- 
costeroid levels that have been elevated by 
administration of a single dose of cortisone 
or hydrocortisone to humans or experimental 
animals quickly decline to pretreatment values 
(2,3). Therefore, it seemed desirable to in- 
vestigate the participation of the liver, kidney 
and spleen in the removal of exogenous 17- 
hydroxycorticosteroids from the blood of the 
rat in vivo. 


Materials and methods. Male Sprague- 
Dawley rats weighing from 190 to 270 g were 
used without fasting. The removal of organs 
was carried out through a midline abdominal 
incision under light ether anesthesia. ‘““Physio- 
logical hepatectomy” was performed by a 
modification of the method of Russell(4). 
The portal vein, hepatic artery and common 
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bile duct were ligated after securing the gut 
from pylorus to descending colon in a mass 
ligature. This operation will be referred to 
henceforth as hepatectomy. Nephrectomy 
and splenectomy were accomplished after 
ligating and cutting the major blood vessels to 
these organs. The abdominal incision was 
closed with sutures. Control animals were 
subjected to laparotomy and a handling of the 
viscera. It was estimated that hepatectomy 
removed about 3 ml of blood from the circula- 
tion. To evaluate the effect of reduced blood 
volume upon 17-hydroxycorticosteroid levels, 
3 ml of blood were withdrawn from the in- 
ferior vena cava in a group of rats through an 
abdominal incision, and absorbable gelatin 
(Gelfoam) was applied for hemostasis. Gel- 
foam was also placed in the peritoneal cavity 
of control animals for this group. Immediate- 
ly following each operation, 0.5 ml of a hydro- 
cortisone solution was injected into a tail vein. 
Solutions were prepared in concentrations of 
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TABLE I. Plasma Levels of Hydrocortisone after Intravenous Injection of a Given Dose 
Following Hepatectomy, Nephrectomy, Splenectomy, or the Removal of 3 ml of Blood. 


Plasma hydro- 
No. of Avg Time after cortisone cone. 
Operation rats body wt,g Dose,mg  inj., min. (ug/10 ml) S.E. p 

A. C* 6 212 4 2 21 2 

H 7 223 z 34 3 <.01 

N 6 216 v ez 16 2 <.2 

S 6 226 ie _ es 2 <.2 
iB C 7 206 ts 10 4 1 

H 7 200 ¥ * 22 2 <.001 

C 7 197 ¥ 30 1 1 

ie 7 195 ke . 26 2 <.001 
C C 7 191 e s 3 il 

B 7 195 a v 2 it a0 

C 7 198 0 g 0.7 0.2 

ial 6 206 % “i 0.7 0.5 
IDS C 6 269 1.6 10 24 1 

N 6 272 A As 28 4 45) 

H ff 266 zs ms Hl 2 <.001 
H. C 6 233 zs uy 50 4 

Ss) 7 242 a , 48 3 <5 


(Ole Comhaglipe dal = Hepatectomy ; N= Nephrectomy; S—Splenectomy; B= Blood re- 


moval. 


0.8 or 3.2 mg per ml by dissolving a saline 
suspension of hydrocortisonet in 8 or 20% 
ethanol, respectively. A sample of aortic 
blood was drawn 2, 10 or 30 minutes later and 
analyzed for 17-hydroxycorticosteroids by the 
method of Nelson and Samuels(5). 


Results. Controls. Considerable day to 
day variation was encountered in the plasma 
17-hydroxycorticosteroid level of control ani- 
mals injected with hydrocortisone under 
similar conditions. For this reason, the ex- 
periments in each section of Table I were all 
performed on the same day, using a single 
solution of hydrocortisone, and littermates for 
controls. 


Preliminary studies in rats weighing an 
average of 230 g disclosed that, half a min- 
ute after the intravenous injection of 0.4 mg 
of hydrocortisone, the blood level rose from an 
average concentration of less than 1 wg per 
10 ml to approximately 87 ug per 10 ml of 
plasma. At one minute after injection, the 
blood level had again fallen precipitously to 
about 37 wg per 10 ml of plasma, and there- 
after declined at a much slower, fairly steady 
rate. 


t Kindly supplied by Dr. Elmer Alpert of Merck 
and Co. 


Hepatectomy. Two minutes after injection 
of 0.4 mg of hydrocortisone into hepatec- 
tomized animals the plasma level was found 
to be significantly higher than in the controls 
(Table IA). Ten and 30 minutes after in- 
jection the concentration fell to very low 
values in control animals, but remained high 
in hepatectomized animals (Table IB). In 
fact, there was no significant difference be- 
tween the 10-minute and 30-minute determi- 
nations in the hepatectomized animals. The 
animals appeared to be weakened by hepatec- 
tomy, but were not in circulatory collapse. 
Simple removal of 3 ml of blood, approxi- 
mating the amount that might be cut off from 
the circulation by the operation, was not 
found to interfere with the rapid fall in 
plasma hydrocortisone concentration following 
injection (Table IC). In the absence of in- 
jected hydrocortisone, there was no detectable 
accumulation of endogenous 17-hydroxycorti- 
costeroids in hepatectomized rats within 30 
minutes (Table IC). 

Splenectomy and nephrectomy. Removal 
of the spleen or kidneys just prior to injection 
of 0.4 mg of hydrocortisone did not prevent 
the rapid fall in plasma concentration in 2 
minutes (Table IA). Moreover, the concen- 
tration of hydrocortisone was not significantly 
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different from that of control animals 10 min- 
utes after the injection of 1.6 mg in nephrec- 
tomized (Table ID) or splenectomized (Table 
IE) animals; this larger dose was used in 
order to keep blood levels in a readily detected 
range at the longer time interval. Hepatec- 
tomized animals given the 1.6 mg dose for 
comparison showed much higher levels than 
the controls. 


Discussion. Hepatectomized rats showed 
a fall in plasma hydrocortisone level within 
the first 10 minutes but not in the next 20 
minutes. This suggests that the initial de- 
cline may have been produced by a distribu- 
tion of the hormone throughout the body 
tissues, after which there was negligible re- 
moval of the compound from the circulation. 

The stress of physiological hepatectomy 
could conceivably accelerate endogenous secre- 
tion of adrenal cortical steroids to a degree 
that this could in itself elevate blood levels. 
However, no significant rise in plasma 17- 
hydroxycorticosteroids was detected in hepa- 
tectomized animals that did not receive hydro- 
cortisone. 

Hepatectomy involved the simultaneous 
exclusion of the gastrointestinal tract and 
spleen as well from the circulation. However, 
splenectomy alone was without effect on the 
blood hydrocortisone level. The known high 
metabolic activity of the liver in degrading 
and excreting steroids(6,7) makes it highly 
likely that it, rather than the intestinal tract, 
plays the major role in producing the effects 
observed. The data do not distinguish be- 
tween biliary excretion and transformations 
of hydrocortisone which would make it no 
longer detectable by the analytical procedure 
used. 

The results with nephrectomized animals 


corroborate the findings of others(6,8) that 
very little exogenous 17-hydroxycorticosteroid 
is removed from the circulation by the kid- 
neys. 

Though the influence of the liver might be 
relatively less at physiological levels of hydro- 
cortisone, the data presented indicate that this 
organ has a definitely greater capacity than 
other tissues in the metabolism of adminis- 
tered corticoid. 

Summary. 1. Employing the analytical 
procedure of Nelson and Samuels for plasma 
17-hydroxycorticosteroids, it has been shown 
that the intravenous injection of hydrocorti- 
sone in rats produces high concentrations of 
hormone, followed by a swift return to very 
low levels. 2. The rapid disappearance of 
exogenous hydrocortisone from the circulation 
is prevented by hepatectomy, but nephrectomy 
and splenectomy exert no appreciable effect. 
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Effect of Diffusion Respiration on Duration of Vagal Cardiac Arrest. (20783) 


V. C. Bonr anv R. H. Hetmenpacu. (Introduced by U. D. Register.) 


From the Department of Physiology, School of Medicine, College of Medical Evangelists, 
Loma Linda, Calif. 


The always present danger of cardiac ariest 
during surgical procedures has stimulated a 
number of investigators within recent years to 
focus their attention to the etiological factors 
responsible for this catastrophe(1-4). The 
effects of anoxia, and more specifically, those 
of hypercapnia upon vagal cardiac inhibition 
have received particular attention as causative 
factors. Studies involving vagal stimulation 
during hypercapnia suggest that carbon di- 
oxide retention during anesthesia may very 
greatly augment the effect of any vagal stim- 
ulation occurring during operative procedures. 
However, since previous studies of the effect 
of hypercapnia on cardiac vagal response have 
employed stimulation which could not be 
carefully quantitated, no relationship between 
the degree of hypercapnia and the duration 
of cardiac vagal asystole has been reported. 
The establishment of such an average rela- 
tionship could well have value in predicting 
changes in cardiac response to vagal stimula- 
tion during respiratory acidosis. Such a cor- 
relation is reported in the succeeding para- 
graphs. 

Methods. Since the hypercapnia occurring 
during a surgical operation is apt to have a 
gradual onset and is gradually progressive, it 
was felt desirable in these studies to avoid the 
precipitous changes in blood pH _ resulting 
from the abrupt exposure of animals to high 
concentrations of carbon dioxide. The method 
of diffusion respiration(S) was chosen as a 
means tu produce a gradual, but progressive 
drop in arterial pH. Sixteen adult mongrel 
dogs of both sexes and varying weights were 
anesthetized with 35 mg per kg of body weight 
of sodium pentobarbital. Oxygen was admin- 
istered endotracheally directly from a cylin- 
der at 2 cm of water pressure through a sys- 
tem having 2 breathing bag reservoirs and a 
water valve pressure regulator. All of the 
animals were denitrogenated for one hour 
prior to the onset of diffusion respiration. 
During the latter half of the denitrogenation 


period, control determinations of the dura- 
tion of vagal cardiac arrest and arterial pH 
were made. Diffusion respiration was induced 
in half of the animals by administration of 
a dose of sodium pentobarbital equal to the 
initial anesthetizing dose. Respiration was 
suspended in the second group by the intra- 
venous injection of 0.35 mg per kg of body 
weight of decamethonium.  Electrocardio- 
graphic recordings of the duration of vagal 
cardiac arrest and pH determinations were 
made at periodic intervals during the experi- 
mental period. Stimulation was applied to 
the right cervical vagus from a thyratron 
stimulator at 100 cycles per second and a 
voltage of such an intensity as to produce a 
minimum duration of cardiac arrest during the 
control period. This voltage was then used 
for the remainder of the experiment. The 
duration of cardiac arrest was determined by 
standard lead II electrocardiographic tracings. 
Blood was collected from the femoral artery 
and the whole blood pH determined by a 
Beckman glass electrode after allowing 3 
minutes for equilibration with room tempera- 
ture. Since the results are expressed as pH 
units change in blood reaction, no attempt 
was made to correct the readings to body 
temperature. 

Results. Upon initiation of diffusion res- 
piration with sodium pentobarbital. the dura- 
tion vagal cardiac asystole decreased in every 
instance (Fig. 1). Following this initial de- 
crease, the cardiac vagal response became 
progressively prolonged, with the response 
frequently becoming very pronounced at the 
lower pH levels. In all instances, the dura- 
tion of cardiac vagal asystole was increased 
above the control values at the termination of 
the experiments. Although variability was 
observed between the behavior of individual 
animals, a decreased cardiac response to vagal 
stimulation immediately following the respira- 
tory paralyzing dose of pentobarbital was 
observed in every experiment. The duration 
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FIG. 1. Effect of respiratory acidosis, caused by 

diffusion respiration, on duration of vagal cardiac 

arrest. Diffusion respiration was induced in this 
series by an overdose of sodium pentobarbital. 
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dose of decamethonium. Average values from Fig. 

1 are superimposed for purposes of comparison of 

results obtained with pentobarbital and with de- 
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of vagal cardiac asystole in this group usually 
did not return to the control level until the 
pH of arterial blood dropped in excess of 0.3 
pH units. 

Since this initially decreased response to 
vagal stimulation can probably be attributed 
to the anesthetic(6), a second group of ani- 
mals was done using decamethonium—a com- 
pound which is known to have little effect 


on 
On 


upon the cardiac vagus(7). In this group, 
the duration of vagal asystole began increas- 
ing gradually from the beginning of the period 
of diffusion respiration, and became very pro- 
nounced at the lower pH levels achieved 
(higs 2. 

Discussion, The duration of vagal cardiac 
arrest in these experiments never became 
markedly prolonged unless the arterial pH 
dropped in excess of 0.3 to 0.4 units. Al- 
though a paucity of information exists re- 
garding the degree of acidosis which may 
occur during open chest surgical procedures, 
Young(4) has reported one case in which the 
arterial pH of a patient with a tetrology of 
Fallot dropped 0.3 pH unit during operation. 
If this could be regarded as an extreme in- 
stance(1), and if the above data could be 
regarded as applicable to the human, it would 
appear that a pH drop of that magnitude 
would not have an effect of great importance 
on vagal cardiac arrest. Such a conclusion 
seems to be substantially in agreement with 
investigations of vagovagal reflexes(3) which 
indicate that only transient cardiac slowing 
results from stimulation of intact vagal af- 
ferent fibers during severe hypercapnia. How- 
ever, if greater decreases in arterial pH occur, 
especially in the presence of preexisting car- 
diac pathology or inadquate oxygenation, 
vagal mechanisms could well assume a role of 
some importance in initiating cardiac arrest 
during thoracic surgery. 


Conclusions. 1. Sodium pentobarbital de- 
creases the effect of vagal stimulation on the 
heart. Hence it is of considerable importance 
in experiments of this nature to maintain a 
constant level of barbiturate anesthesia in any 
one animal. 2. Progressive hypercapnia pro- 
duced by diffusion respiration causes the dura- 
tion of vagal cardiac arrest to increase pro- 
gressively. This increase is very modest with 
decreases in arterial pH of the magnitude 
which could be expected in surgical pro- 
cedures, but becomes especially marked at low 
pH levels. 3. The probable role of hyper- 
capnia in surgical cardiac arrest is discussed. 
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(Introduced by H. Selye.) 


From the Institute of Experimental Medicine and Surgery, Université de Montréal, Canada. 


Decrease in non-specific inflammatory re- 
action of tissues repeatedly stimulated by 
non-living irritating material, has been dem- 
onstrated(1-5). In a previous paper(4), we 
reported that an inflammation, produced by 
the injection of various irritants into the paw 
of a rat, protected this paw against a subse- 
quent inflammation. When, after the first 
local inflammation had subsided, a second 
generalized hyperergic reaction was produced 
by an intraperitoneal injection of dextran or 
egg-white, the characteristic inflammatory 
edema appeared in the snout, ears and paws, 
but not in the pre-irritated paw. This per- 
mitted us to exclude the direct involvement 
of higher systemic regulations and to demon- 
strate this type of protection as being strictly 
topical. 

In the investigation reported here, an at- 
tempt was made to obtain some data on the 
actual state of non-specific “sensitivity” or 
“reactivity” of pre-irritated tissues to a new 
inflammatory stimulus. Heat was used for 
the second irritation and was always given 
under compression of the blood vessels, thus 
making the tissues “poikilothermal” and en- 
suring an absolute uniform irritation in nor- 
mal and pre-irritated tissues. This procedure 
eliminated the possibility, existing after a re- 
peated administration of a chemical irritant, 
that through changes in tissue structures, the 
irritant might be mechanically prevented from 
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acting uniformly upon the tissues. In this 
study, the influence of a preceding inflamma- 
tion on the reaction to ‘“‘poikilothermal heat- 
ing” was investigated. The preceding inflam- 
mation was induced by the injection of edema- 
producing irritants, such as dextran or egg- 
white, into the rat paw, or by rubbing croton 
oil into the skin of the rabbit ear. Further, 
the influence of a pre-irritation by poikilo- 
thermal heating on the effect of a second, more 
intense heating was studied. Finally, the 
problem was investigated as to whether a 
pre-irritation by heat gives protection also 
against the reaction to a subsequent irritation 
by edema-producing chemical irritants. 


Methods. Animals: Male Sprague-Dawley 
rats, weighing between 100 and 120 g, and 
male albino rabbits of 1.5 to 2.0 kg, were 
used. Jrritants. Dextran was given in a saline 
dilution 1:37.5 of the commercial 6% solution 
(Macrodex). For local irritation, 0.2 ml was 
injected beneath the plantar aponeurosis of 
the hind paw of a rat; generalized hyperergic 
reaction was produced by the intraperitoneal 
injection of 1.0 ml. Egg-white was given in 
a saline dilution 1:5, 0.2 ml for local irritation, 
1.0 ml intraperitoneally for generalized reac- 
tion. Croton oil, diluted 1:5 with oil 
(Mazola), was rubbed into the skin of the 
rabbit ear (2 drops on the upper and 2 drops 
on the lower surface) using rubber gloves. 
“Potkilothermal heating.” In rats. Under 
compression of the aorta abdominalis with a 
rubber tube, the right hind paw was placed © 
into 48°C water for 2 minutes, 15 seconds; 
the compression was then immediately re- 
leased. For the subsequent irritation (the 
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TABLE I. Topical Protection against Hyperergic Reaction to Dextran or Egg-White by a 


Preceding Inflammation in the Rat Paw ; 


No Protection against Poikilothermal Heating. 


(6 rats in each group.) 
= SSS ————]_—q_—EE——EEEE 


% degree of 


Ist irritation Inflammatory r i 
; rotection 
Paw (subcut.) 2nd irritation index — ie right paw 
I R* -2 ml dextran Heating both paws 48.5 + 10.4 + . 
L ea (48°G, 1°30”) + Sou ec Jem 
II R idem (idem for 2/15” ) t 148.0 + 18.7 ” ” 
L -— 143.0 + 16.8 
Ted idem Egg-white, 1 ml intraper 5D 
per.t do + 5.0 = 
L us 935.242087 842 
Vek -2 ml egg-white Heating both paws (49°C, 306.5 + 20.6 1 
ff iss 2 min.) 24 hr later 310.5 + 23.0 ae 
Vv R idem idem 48 hr later 312.8 + 17.2 
io zs. 336.3 + 16.8 ee 
VI R idem Dextran, 1 ml intraper. Oost) 2.0 RG ne a 
L Wegieerst er ase 


— 33 hr later 


*R—Right; L—Left. _ 
t 86 hr later, 


time interval between the two irritations is 
individually indicated in the tables and 
legends), both hind paws, again under com- 
pression of the aorta, were placed into 49°C 
water for 2 minutes and the compression re- 
leased immediately after. In order to mini- 
mize the differences in the duration of maxi- 
mal tissue temperature which might occur if 
the volumes of the hind paws differed, the 
subsequent heating was given for 4 minutes 
at 47°C, if the right hind paw was still show- 
ing an increase in diameter due to the previous 
exposure to heat. By measuring the increase 
in the dorso-plantar diameter of the hind 
paws, at the level of the metatarsus, several 
times, before, during, and after the maximum 
reaction, an arbitrary inflammatory index 
(3% increase in diameter of all measure- 
ments) was determined for each paw. The 
comparison of the indices in the hind paws of 
the same animal permitted the assessment of 
the degree of protection as a percentage. 
In rabbits. The volume of both ears was 
measured, after shaving, by the water dis- 
placement in a test tube. The right ear was 
then placed into 49°C water for 2 minutes 
under compression of the blood vessels at the 
base of the ear, with rubber-armed curved 
arterial clamps. Immediately afterwards, the 
compression was released. (As there are 
differences in the reactions to this treatment 
in rabbits of varying ages and races, and at 


different room temperatures, the duration of 
the first heating should be arranged so that the 
inflammation does not exceed a 50% increase 
in ear volume, and so that the volume is al- 
most back to normal after 2 days.) For the 
subsequent heating, both ears were clamped 
and placed, simultaneously into 49°C water 
for 2 minutes, by holding the animal horizon- 
tally upside down. The compression was re- 
leased immediately afterwards. Estimations 
of the reaction and the degree of protection 
were made on the basis of the volume meas- 
urements in analogy with the procedure used 
for the rat. 

Results. Topical protection against in- 
flammation. A local inflammatory edema was 
elicited by the injection of dextran or egg- 
white into the right hind paw of rats (Table 
I). After gross signs of inflammation had 
disappeared, a second generalized hyperergic 
reaction in all 4 paws was produced by intra- 
peritoneal injection of egg-white or dextran 
(Groups III and VI). In the right paw, pre- 
viously subjected to an egg-white or dextran 
inflammation, the inflammatory edema did not 
occur. The preceding inflammation, however, 
gave no protection against a subsequent in- 
flammatory reaction to heating, even if the 
heat irritation was very mild (Groups I and 
II), or made at different time intervals after 
the first inflammation (Groups IV and V). 
Also, an inflammation produced in the rabbit 
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FIG. 1. Inflammatory reaction in hind paw of rats 
submitted to a poikilothermal heating, such as used 
for the pre-irritation in the following series of 
experiments (48°C, 2 min. 15 sec.). (Group of 6 
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FIG. 2. Topical protection against heat injury by 
preirritation with heat. Inflammatory reaction in 
both hind paws of rats, submitted to poikilothermal 
heating (49°C, 2 min.). Right hind paw pre-heated 


(48°C, 2 min, 15 see.), 2 days in advance. (Group 
of 6 rats.) 
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reaction to poikilothermal heating (49°C, 4 min.), 
in the rabbit ear. Right ear pre-heated (49°C, 2 
min.), 3 to 5 days in advance. (Group of 5 rabbits.) 


ear (5 rabbits) by rubbing it with croton oil, 
thus leading to a considerable swelling and 
to some superficial epithelial lesions, did not 
reduce the degree of a subsequent inflamma- 
tory reaction to heating (49°C, 4 minutes, 
3-12 days later), given after healing of the 
epithelial defects and after disappearance of 
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macroscopical signs of inflammation. The in- 
flammatory index in the right pre-irritated ear 
was 634.0 + 36.0, and 543.2 + 50.0 in the 
left, non-pretreated ear. However, when tis- 
sues were pre-irritated by a mild heating, a 
marked topical resistance against a new and 
more severe heat injury was observed. The 
average degree of the inflammatory reaction 
following such a pre-irritation of a rat paw, is 
shown in Fig. 1. Sometimes, after pre-irrita- 
tion, tissues showed only minimal signs of 
inflammation, even though a topical resist- 
ance against a new heat injury developed. 


FIG. 4. Topical protection against necrosis. Poik- 

ilothermal heating of both hind paws (49°C, 2 min. 

30 sec.). Right hind paw pre-heated (48°C, 2 min. 
15 sec.), 3 days in advance. 
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FIG. 5. Duration of the topical protection against 
inflammatory reaction to heat (47°C, 4 min. in the 
groups heated 3 hr, 6 hr and 1 day after pre-irrita- 
tion, 49°C, 2 min. for the rest). Pre-irritation: 
48°C, 2 min. 15 sec. (Groups of 6 rats each.) 


TopicaL RESISTANCE TO THERMAL INJURY 59 


TABLE IT. Topical Protection against Hyperergic Reaction to Dextran and Egg-White by 


Poikilothermal Pre-Ivritation. 


(Groups of 6 rats each.) 


TT OoOowowonweweyeyeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


2nd irritation 


% degree of 


Inflammatory protection 


Paw Ist irritation 3 days later) index in right paw 
I R* 48°C, 2/157 Dextran, 1 ml intraper 5.0+ 2.1 
z ; f : LON we AYE 

Lt as 132.8 + 27.0 20:0 iNe 
Iie R idem Kgg-white, 1 ml intraper. 120+ 8.9 93.3 26 

L — 157.5 + 31.6 ei 
IMO R idem Dextran, .2 ml subcut. 265.0 + 19.5 213 ae 

L <= idem 346.0 + 18.2 pes 


ak Right; L — Left. 


The degree of this protection in the rat paw 
is shown in Fig. 2. Under these experimental 
conditions, the reaction in both paws was at 
the maximum approximately 4 hours after the 
second heating. Further, if a rabbit ear is 
pre-irritated by poikilothermal heating, it be- 
comes, after macroscopical normalization, 
much less reactive to a new heat exposure 
(tikes, Sie 

Protection against necrosis. If, by extend- 
ing the duration of heating, the degree of 
tissue irritation is increased to a point where 
necrosis develops in the normal rat paw, the 
pre-irritated right paw will show but a mild 
inflammatory reaction and no necrosis (Fig. 
4). Protection against the development of 
necrosis was observed also in the rabbit ear. 
Here, too, the right ear, pre-irritated by heat- 
ing, showed only a mild reaction, whereas the 
normal left ear became necrotic if, in the 
second step, the duration of heating was ex- 
tended or when an increased room tempera- 
ture sometimes led to a stronger reaction to 
the second heating. 


Duration of protection. The duration of 
the topical resistance after thermal pre-irrita- 
tion against a new heat injury in the rat paw, 
is shown in Fig. 5. The protection appears to 
develop rapidly. After reaching a maximum, 
2 days after the first irritation, the protection 
decreases in the form of a logarithmic curve. 


Non-specificity of protection. The inflam- 
matory edema formation, after intraperitoneal 
injection of dextran or egg-white in rats 
(Table II), is clearly inhibited in the paw 
which has been previously given a_poikilo- 
thermal heating (Groups I and II). This may 
be due chiefly to a mechanical barrier of new 


structural elements which remained in the 
tissues after the first inflammation, and which, 
however, were almost ineffective against the 
concentrated action of locally injected dextran 
(Group III). Dextran, injected locally, pro- 
duced an almost equal degree of inflammation 
in normal and in pre-heated paws. The abil- 
ity of a pre-heated paw to react with acute 
edema formation can therefore be considered 
as being practically unchanged. 

Discussion. ‘There seems to be little doubt 
that heating under compression of the blood 
vessels brings both normal and pre-irritated 
tissues to the same temperature, over the same 
length of time. However, the tissues pre- 
irritated by heat show considerably less or al- 
most no reaction, in comparison to normal non 
pre-irritated tissues, if an equal poikilothermal 
heating is given to both at the same time. 
Hence, it can be assumed that a mild pre- 
irritation by heat has produced some basic 
functional changes in the tissues thus making 
them indifferent towards the action of heat, 
which leads to inflammation and necrosis in 
normal tissues. Neither pre-irritation of tis- 
sues by the injection of irritants such as dex- 
tran or egg-white, leading to an acute edem- 
atous inflammation, nor a pre-treatment with 
croton oil, leading to a more chronic inflam- 
mation, provide protection against a subse- 
quent poikilothermal heating and apparently 
do not produce such functional changes as 
ensue after pre-irritation by heat. This 
topically acquired indifference of tissues to- 
wards the action of heat, is probably a bio- 
logical phenomenon similar to that of the 
adaptation to higher temperatures of lower 
forms of life, e.g., Paramoecium and flagellates 
(6-8), by gradual exposure. 
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The tissue histamine content, even though 
decreased after poikilothermal pre-irritation 
in the skin of the rat paw, does not seem to 
be directly responsible for the protection 
against a new heating, since a depletion of the 
histamine in the rat paw by locally injecting 
compound 48/80 according to Feldberg and 
Talesnik(9), did not result in any protection 
against poikilothermal heating(10). 


Protection against fatal shock in mice due 
to tourniquet of the hind legs has been re- 
ported when the same legs were submitted to 
a non-fatal tourniquet, 21 to 38 days in ad- 
vance(11). In dogs and calves, subjected to 
burns, a rise in aminopeptidase activity was 
found in the lymph draining the burned area 
(12). Further, during the experiments re- 
ported here, it was found that the formation 
of hemolymphnodes in the popliteal region, 
generally occurring half an hour after poikilo- 
thermal heating of the rat paw and thus pre- 
ceding the inflammatory swelling, was less or 
did not occur at all after the heating of the 
protected, pre-heated paw.+ India ink par- 
ticles, however, after poikilothermal heating, 
moved faster in the lymph vessels of the pro- 
tected leg than they did in the normal 
side(13). 

Therefore, it may be concluded that an 
irritation by heat leads to the exhaustion or 
blocking of a mechanism by which cytolytic 
substances are liberated from the injured 
tissues, or leads to the blocking of such sub- 
stances. Thus, the reported data seem to 
give new emphasis to the findings of Beloff 
and Peters(14), who observed that a proteo- 
lytic enzyme, found in the skin of rats, was 
decreased after heating, presumably, accord- 
ing to the authors, because of an increased 
escape of the proteinase from the cells. 


After local injection of egg-white or dextran 
into the rat paw, the inflammatory edema 
reaches its maximum within 20-30 minutes, 
while, after heating, this takes 3-4 hours, and 
thus the development of the inflammatory 
edema is here apparently dependent upon in- 
termediary substances liberated in the tissues. 
Hence, the relatively unimpaired ability of 


+ Hemolymphnodes were never observed after in- 
jection of egg-white or dextran into the rat paw. 


pre-heated tissues to react with an acute 
edema formation as in the case of locally in- 
jected dextran, adds by exclusion further 
support to the assumption that the mechanism 
of protection against heat injury is mainly on 
the level of substances being dislocated and/or 
liberated normally after heat injury and in- 
ducing inflammation and necrosis. 


Summary. 1. A topically acquired indif- 
ference of tissue cells towards the action of 
heat, such as leads to inflammation and ne- 
crosis in normal tissues, is described. This 
indifference was produced by a mild local 
pre-irritation of tissues with heat (immersion 
of a rat paw in 48°C water for 2 minutes, 15 
seconds, or of a rabbit ear in 49°C water for 
2 minutes). Heating was always done under 
compression of the blood vessels. 2. Local 
pre-irritation obtained by the injection of 
dextran or egg-white into the rat paw, or by 
producing a more chronic inflammation with 
croton oil applied on the rabbit ear, was in- 
effective in protecting the tissues locally 
against a subsequent heat exposure given un- 
der compression of the blood vessels. 3. After 
local pre-irritation of the rat paw by heat, a 
topical protection was observed also against 
the inflammatory reaction to intraperitoneally 
injected dextran or egg-white and, to a slight 
degree, to dextran subcutaneously injected 
into the paw. 


I wish to thank Professor F. C. MacIntosh for his 
advice and interest in this work. 
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Blood Levels and Urinary Excretion in Normal Subjects after Ingestion of 


Tetracycline Analogues.*t 
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From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), 
Boston City Hospital and Department of Medicine, Harvard Medical School, Boston, Mass. 


The antibacterial action of the 3 chemically 
closely related antibiotics—tetracycline, oxy- 
tetracycline (Terramycin), and _ chlortetra- 
cycline (Aureomycin)—was found to be very 
similar against most of the strains of common 
human pathogenic bacteria that were tested 
(1). The results of assays of blood and urine 
for antibiotic activity following oral adminis- 
tration of these 3 agents are presented in this 
paper. 

Materials and methods. Tetracycline 
(Achromycin) and chlortetracycline (Aureo- 
mycin) were supplied by Dr. Stanton M. 
Hardy of the Lederle Laboratories, and oxy- 
tetracycline (Terramycin) was provided by 
Dr. Gladys L. Hobby of Chas. Pfizer & Co. 
Each of these antibiotics was furnished in 
both capsules and tablets containing 250 mg 
equivalent of the free base; all were in the 
form of the hydrochlorides, except the oxy- 
tetracycline tablets, which were of the free 
base. The subjects were male members of 
the hospital staff who had not received any 
antibiotics for several weeks prior to the be- 
ginning of the study. Assays for antibiotic 
activity were done on citrated plasma from 
venous blood and on “clean” voided speci- 
mens of urine; 2-fold dilutions were made in 
brain-heart infusion broth (Difco pH + 7.4) 
and seeded with an equal volume of a 10% 
dilution of an overnight growth of B. cereus 


* Aided by a grant from the U. S. P. H. S. 

+ Summary of some of these findings presented at 
the Antibiotic Symposium, Washington, D. C., Oct. 
28, 1953. 


No. 5 (obtained from Dr. A. C. Dornbush of 
Lederle Laboratories). The tests with plasma 
were read for visible growth after incubation 
at 37°C for 18 hours (and in some instances 
they were examined again after 24 and 40 
hours); assays of urine were observed at 8, 
18, and 24 hours. The results were recorded 
as the maximum final dilution completely in- 
hibiting growth, as indicated by absence of 
visible clouding of the medium. The mini- 
mum inhibiting concentration in the speci- 
mens was determined by comparison with 
freshly prepared standard solutions assayed 
simultaneously and read at 18 hours. 


Results. Two separate experiments were 
carried out. In the first, 12 subjects were 
given 1.0 g of each of the 3 analogs in rotation 
4 to 7 days apart, 2 receiving capsules and 2, 
tablets of one of the 3 tetracyclines on each 
of the 3 days. None of the participants knew 
which of the analogs were given until the en- 
tire experiment was completed. Plasma and 
urine were collected at specified intervals, and 
those obtained at each interval were assayed 
simultaneously so that samples from all tue 
subjects who had taken each of the 3 anti- 
biotics were included in each test. The levels 
of antibiotic in the plasmas are shown in 
Fig. 1. None of those obtained before the 
doses showed inhibition of the test organism. 
More than one-half of the subjects had no 
demonstrable level at one hour, but the levels 
increased to a maximum between 2 and 6 
hours. Two subjects who received tablets of 
oxytetracycline base showed no antibiotic 
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activity at any time. The levels for each of 
the antibiotics, as judged from the tests read 
at 18 hours, were quite similar, but they ap- 
peared to be highest after tetracycline and 
lowest after oxytetracycline. This is best 
shown in the average level as depicted in the 
upper left panel in Fig. 2. The effect of the 
rapid deterioration of chlortetracycline dur- 
ing incubation and the relatively greater 
stability of tetracycline in these tests are re- 
vealed in the other 3 panels in Fig. 2. The 
chlortetracycline was the least stable and de- 
terioration proceeded rapidly after 18 hours, 
so that only minor inhibition of the test or- 
ganism was demonstrated in the plasmas after 
24 hours and none at all was discernible at 


the 40-hour reading. The least changes oc- 
curred in the plasmas from the subjects who 
received tetracycline and only slightly greater 
changes were noted in the successive readings 
of the tests in the plasmas of those who had 
taken oxytetracycline. 

The results of the assays of urine obtained 
during the first 24 hours after the third dose 
are shown in Table I; these results are based 
on readings made after incubation for 18 
hours. All of the antibiotics appeared rapidly 
in the urine, but the greatest variations in the 
concentrations and amounts excreted were 
noted in the first 2 hours. The maximum con- 
centrations were obtained in most instances 
in the 2-6 hour specimens, but high concen- 
trations were still found in the next 6 hours, 
and in some subjects even during the second 
12 hours. The total amount recovered in the 
urine during the first 12 hours was lowest in 
the 2 subjects who took the oxytetracycline 
tablets, and varied in the others between 9% 
and 21% of the administered dose. During 
the second 12 hours, the amount excreted also 
varied in different subjects between 1.3 and 
6.5% of the dose, but one of the subjects 
who took the oxytetracycline tablets excreted 
24.3% of the dose during this period. The 
specimens of urine obtained just before the 
dose are not listed in the table, but they 
showed activity equivalent to 0.06-0.25 

g/ml in almost all of the subjects; this was 
the result of the continued excretion of anti- 
biotic from the preceding dose, which was 
given 5 days previously. These amounts, 
however, when calculated for the daily output, 
could account for excretion of only a fraction 
of 1% of the administered dose. Individual 
specimens of urine obtained after the first 24 
hours from one of the subiects who took 
tetracycline showed a concentration of 0.5 
ug/ml on the 9th day, but none detectable on 
the 10th day; in a second subject, the equiva- 
lent of 0.5 »g/ml of tetracycline activity was 
found on the 5th day and none was detected 
on the 9th day. Oxytetracycline was found 
in urine obtained on the Sth day in a concen- 
tration of 0.25 »g/ml in one, and 2.0 pg/ml 
in another, and none was detected in speci- 


mens from either of these individuals on the 
9th day. 
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TABLE I. Urinary Excretion of 3 Tetracyclines in Normal Adults after Ingestion of 1.0 


ons 


fo] 
: Cone., ug/ml of urine mg of antibiotie excreted % of dose 
Sub- Anti- —Interval after dose (lr) —Interval after dose (hr); excreted 
ject biotic* 0-2 2-6 6-12 12-24 0-2 2-6 6-12 12-24 12 hr 24 hr 
C T-e 4() 320 160 —_ PA Byte) 29.2 —- 8.5 — 
D i! 40) 320 320 40 OREO e4: 76.8 12.6 14.4 15.7 
J) T-t 320 320 320 160 1 Cee LOL 67.2 64.8 9.5 16.0 
K i 320 640 320 160 So (EXoi(0 81.6 63.2 Dies 27.6 
EH O-¢ 80 320 160 80 4.8 49.6 41.9 Tl ? 9.6 11.4 
1) 2 320 320 160 10.2 41.6 37.6 == 8.9 —_ 
L O-t 20 80 320 1280 Kall 9.2 49.6 243.2 6.0 30.3 
M 2” 2() 80 80 80 Ht ual 3) 15.6 32.8 2.8 6.1 
A C-¢ 160 320 40) — Dege — ty53(0) 20.0 ~— 9.7 -— 
B we 10 160 640 — 0.9 40.0 67.2 — 10.8 = 
G Ct 160 320 160 80 ANSAO) ayaa} 62.4, 42.0) ily. al feo 
H a 160 320 320 320 36.8 89.6 48.0 83.2 18.4 25.8 


* 'T = tetracycline; 


= oxytetracycline; C= chlortetracyeline; ¢—capsules; t= tablets. 


All were hydrochlorides except oxytetracycline tablet which was the free base. 


In the second experiment, done several 
weeks later, only capsules of the hydro- 
chlorides were given. Only 11 subjects were 
available, 3 receiving chlortetracycline and the 
other 2 analogs each being given to 4 sub- 
jects. Five of these subjects had participated 
in the earlier experiment, but none had taken 
any antibiotics in the preceding weeks. Blood 
was obtained before the dose and at 1, 2, 4, 8, 
12, 16, and 24 hours. A control specimen 
of urine was obtained before the dose and 
complete collections were made throughout 
the first 48 hours; single specimens were then 
obtained daily until no antibiotic could be 
detected by the test read at 18 hours (2.., 
until there was less than 0.06 pg/ml). The 
results based on tests read after incubation 
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for 18 hours are shown in Fig. 3 and Table II. 
In this experiment, the levels obtained with 
tetracycline and oxytetracycline appeared to 
be similar, although higher levels were more 
frequent and more sustained with the former. 
Plasma levels were slowest to rise and earliest 
and most rapid to fall in the subjects who 
took the chlortetracycline; the earlier and 
more rapid deterioration of this antibiotic 
in these tests as compared with the observa- 
tions made in the first experiment, may have 
contributed to this result. Significant con- 
centrations of antibiotic were sustained in the 
blood even as long as 24 hours after the dose 
of either tetracycline or oxytetracycline. 


The urinary excretion of the 3 analogs dur- 
ing the first 24 hours, as shown in Table II, 
was similar to that observed in the first ex- 
periment. Similar variations were noted 
among subjects who received each of the 3 
antibiotics, both with respect to the concen- 
trations and the amounts excreted at different 
intervals. In this experiment, no inhibitory 
activity on the test organism was detected in 
the urine of any of the subjects just before 
taking the dose. The concentrations of anti- 
biotic and the amounts excreted appeared to 
be lower after the first 24 hours in the sub- 
jects who had taken chlortetracycline. Ex- 
cretion of the antibiotics continued in almost 
all the subjects through the 8th day; in 2 who 
took tetracycline, and in one who took oxy- 
tetracycline, some activity was still detected 
in urine obtained on the 10th day. 


64 


listed in Table III. 
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TABLE II. Urinary Excretion of 3 Tetracyclines after 1.0 g Orally Given as Capsules of the 
Hydrochlorides. 


TS ee 
EEE —————eeee 


Untoward effects. 


Subject I II Til IV Vv VI Vii aves IX x XI 
+ —) = ~) = ==! X ~\— aed] 
Antibiot*e Tetracycline Oxytetracycline Chlortetracycline 
Cone. in urine, ng/ml 
Before dose 0* 0 0 0 0 0 0 0 0 0 0 
0- 2hr 80 80 160 20 320 320 320 320 10 320 80 
2- 4 320 640 160 160 320 160 320 640 80 320 320 
4- 8 320 320 320 160 320 80 320 640 160 160 640 
8-12 320 320 160 160 160 80 640 320 40 160 160 
12-16 160 160 80 80 80 40 320 320 20 40 160 
16-24 80 160 80 80 80 40 160 160 40 80 80 
24-36 40 40 40 20 40 20 80 80 5 10 20 
36-48 20 20 20 10 20 10 40 20 a 5 10 
3 day 8.0 4.0 — ~ 4.0 2.0 4.0 8.0 5 m3) 2.0 
4 4.0 4.0 2.0 2.0 2.0 2.0 2.0 1.0 06 06 2.0 
5 1.0 2.0 1.0 1.0 1.0 1.0 1.0 5 .06 13 25 
6 x) 3) 13 13 25 5 = 25 0 13 13 
7 25 25 .25 25 25 25 .25 13 0 0 13 
8 13 13 13 13 aly. 13 13 0 13 .06 
9 te 0 13 Atay. 0 13 .06 0 0 .06 
10 .06 13 0 06 0 
ill 0 .06 0 0 0 
% of dose excreted 
12 hr 12.4 27.8 24.1 7.9 10.1 5.90 slic O ee L Oe 46 141 19.4 
24 18.5 223.0) 8:5 lO 13.8 8.0 26.6 24.5 OS ei OmmmeOn 
48 ZERO 25:2) ee Oem lise) life 9.5. 31.3 26.8 fis | Alsicre | ED 


* <0.06 ug/ml. 


TABLE III. Toxic Effects Observed in 12 Normal Adult Male Subjects after Ingestion of 1.0 g 
of Hach of 3 Tetracyclines. 


> Antibiotic == 
Subject Tetracycline Oxytetracycline Chlortetracycline 
Capsules 

A *1. None 2. None 3. None 

B oak 2. Hpigastric distress, began 3. Epigastric distress & nau- 
in 24 hr, lasted 3 days sea after 24 hr, lasted 48 hr 

Cc Soy hat: 1. Diarrhea, 4 days 2. None 

D Be 1. None 2. Bulky stools 

E Pay a Benga 1. None 

EF 2. 3-4bulky stools 3. Flatulence fae wy 

Tablets 

G 1. None 2. Diarrhea 3. None 

H ie ae 2. Diarrhea, tenesmus, 3. Tenesmus, diarrhea next 
lasted 3 days day 

J Ba) 1. Nausea & diarrhea, 1 day 2. None 

Kk Bante 1. Flatulence for 36 hr, then 2. Diarrhea, ? from previous 
diarrhea dose, lasted 36 hr 

L 2 : 3. None 1. Nausea, mild abdominal 

distress for 48 hr 
M ry oe Spee 1. Bulky stools, 24 hr 


* Number represents the order of administration, 4 to 7 days apart. 


The symptoms exper- 
ienced by the subjects and attributable to the 
antibiotics during the first experiment are 
These findings confirm 
those observed in clinical studies which indi- 
cated that the major untoward effects of each 


of the tetracyclines are referable to the 
gastrointestinal tract and that, of these, diar- 
rhea is the most serious; they also confirm the 
observations made in this hospital that such 
gastrointestinal effects are most frequent with 
oxytetracycline and least frequent with tetra- 
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cycline(2). In the present experiment there 
were essentially no untoward effects from 
tetracycline, only one of the subjects having 
passed 3 or 4 bulky stools on the day after the 
dose. Diarrhea, flatulence or epigastric dis- 
tress in various combinations were experienced 
by 7 of the subjects who took oxytetra- 
cycline and by 4 of those who took chlor- 
tetracycline, and 2 additional subjects passed 
some bulky stools after doses of the latter. 
In 3 of the subjects who manifested gastro- 
intestinal symptoms from chlortetracycline 
including 2 with diarrhea, the chlortetra- 
cycline was given after oxytetracycline and 
similar symptoms were experienced with the 
previous dose. 

In the second experiment one of the sub- 
jects who took oxytetracycline had 4 watery 
bowel movements on that day and 2 to 4 
similar watery movements during each of the 
next 4 days; this individual had not partici- 
pated in the earlier experiment. One subject 
experienced mild nausea immediately on tak- 
ing the tetracycline capsules and another after 
taking the chlortetracycline, both on an empty 
stomach; in both subjects the nausea cleared 
promptly after they began to eat breakfast 
and no other symptoms were experienced by 
these or by any of the other subjects. 

Discussion. In the previous paper(1) it 
was shown that the 3 tetracyclines have very 
similar activity against common pathogenic 
bacteria, but that they differed in their stabil- 
ity and, to some extent, also in their activity 
against individual strains or against certain 
species of bacteria. The relative instability 
of chlortetracycline under the conditions of 
the in vitro inhibition tests, or in assays of 
the antibiotic in body fluids, may be of para- 
mount importance in making comparisons of 
the absorption and excretion of the 3 tetra- 
cyclines. In the data presented here, this is 
clearly brought out in comparing the blood 
levels. That the same phenomenon is not 
necessarily true, at least to the same extent, 
in vivo, is apparent from the fact that chlor- 
tetracycline continues to be excreted for sev- 
eral days after a single dose, and in concen- 


trations not markedly dissimilar from those 
observed with the other 2 analogs which are 
more stable im vitro. It has also been shown 
that in embryonated eggs, chlortetracycline 
does not deteriorate nearly so rapidly as it 
does in culture media kept at the same tem- 
perature(3), and a substance has been found 
in egg yolk which apparently protects the 
chlortetracycline from deterioration(4). It 
seems not unlikely, therefore, that similar 
protection against deterioration is available in 
tissues and body fluids in which, despite their 
slightly alkaline reaction, chlortetracycline 
appears to persist in active form for several 
days. On the whole, however, blood levels 
from oral tetracycline appear to be somewhat 
higher and more sustained and its excretion 
appears to be slightly prolonged over that ob- 
served following similar oral doses of oxytetra- 
cycline and chlortetracycline. 


Conclusions. Blood levels after ingestion of 
a single dose of 1 g of tetracycline are some- 
what higher and better sustained than those 
resulting from a similar dose of either oxy- 
tetracycline (Terramycin) or chlortetracy- 
cline (Aureomycin). High concentrations 
appear rapidly in the urine after ingestion of 
each of these 3 analogs and persist over a 
period of 48 hours. After that, appreciable 
concentrations of these antibiotics continue to 
be excreted for more than a week after a 
single oral dose of 1.0 g. Untoward gastro- 
intestinal symptoms, particularly diarrhea, 
were frequent after a single oral dose of 1.0 
g of oxytetracycline, they were observed, but 
less frequently after chlortetracycline, and did 
not occur after the same dose of tetracycline. 
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Uptake of Ammonia by the Brain in Hepatic Coma.* 
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(Introduced by R. W. Berliner.) 


From the Research Foundation, Children’s Hospital, and the Medical Service, District of Columbia 
General Hospital. 


The probable causal relation between the 
development of hepatic coma in terminal liver 
disease or in Eck fistula patients and the rise 
in blood ammonia(1) raises the question of 
whether the ammonia acts as a toxic agent by 
the inhibition of some enzyme system in brain, 
or whether it exerts its effect by combination 
with an integral cerebral metabolite. 

A study of the cerebral arteriovenous dif- 
ference of ammonia in a number of patients 
both comatose and non-comatose, with and 
without apparent liver disease, reveals a strik- 
ing difference between patients with high 
blood ammonia levels and those with normal 
levels. 

Methods. Blood ammonia is determined 
by a _microdiffusion-Nesslerization method 
modified from Seligson(2) on freshly drawn 
blood from the femoral artery and the jugular 
bulb. The normal range for venous blood by 


this technic is from 0.30 to 1.00 y/ml. In 
severe hepatic disease this level is elevated, 
although methods which yield higher normal 
values through the inclusion of ammonia 
formed during the determination itself tend 
to obscure this finding(3). 

Results. Table I shows the ammonia levels 
in the arterial and jugular bulb blood of 3 
non-comatose patients, 3 cases of liver failure, 
and 3 cases of coma or semi-coma without 
apparent liver disease. In the non-hepatic 
cases there is no significant uptake of am- 
monia, and in the cases with liver disease 
there is a marked uptake. This phenomenon 
is consistent throughout all cases studied, and 
all cases with elevated blood ammonia show 
an uptake. The arteriovenous difference is 
roughly proportional to the arterial value. 

In view of this “utilization” of ammonia, 
the following hypothesis is suggested. The 


TABLE I. 
Arterial and Cerebral Venous Blood Levels of Ammonia (Gamma per ml of Whole Blood). 


NH, N., ug/ml ———_, 


Femoral Jugular 
Patient Age Diagnosis artery bulb Diff. 
Awake 

M.W. 35 Old CVA Alert 92 97 — 05 
FR. 53 Chroni¢ asthmatic a2 05 fs 02 
W.J. 77 Parkinsonism Senile .84 82 02 
00 

Non-hepatic 
R.G. 23 Post anoxie¢ Coma .60 63 — .03 
IEKOE 88 Hypertensive enceph. Semicomatose 33 1 02 
W.J. 73 Arteriolar nephrosclerosis Comatose 80 88 — ie 
: ==" 4053 

Liver disease 
WhalB. 5 Cirrhosis, Wek fistula Semicomatose 8.44 Fale +1.32 
V.W. 65 Cirrhosis Deep coma 2.81 2.50 + 31 
LP. 59 €: Semicomatose 3.00 2.05 + .68 
Surat 
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ammonia enters the brain and combines with 
alphaketoglutaric acid by the reversal of glu- 
tamic dehydrogenase. This abstracts large 
amounts of the keto acid from the Krebs 
cycle, preventing regeneration of oxalacetate 
and further oxidative metabolism. The 
marked diminution of cerebral oxygen uptake 
which we have seen in hepatic coma(4) can 
thus be explained on the basis of the failure 
of the major oxidative pathway in the brain. 


Summary. The arteriovenous difference of 
ammonia has been investigated in a variety of 
conditions and has been found to be elevated 
in hepatic coma, as has been the arterial level 
of blood ammonia. The evidence for a sig- 
nificant uptake of ammonia in comatose pa- 
tients with liver disease suggests a mechanism 


for hepatic coma. This mechanism could be 
the reductive amination of ketoglutaric acid to 
form glutamate with the concomitant removal 
of significant amounts of ketoglutarate, pre- 
venting Krebs cycle regeneration. 


1. Salaskin, Z. F., Physiol. Chem., 1898, v25, 128, 
449; McDermott, W. V., Jr.. Adams, R. D., J. Clin. 
Invest., 1954, v33, 1. 

2. Seligson, D., and Seligson, H., J. Lab. and Clin. 
Med., 1951, v38, 324. 

3. Schwartz, R., Phillips, G. B., Gabuzda, G. J., Jr., 
and Davidson, C. S., J. Lab. and Clin. Med., 1953, 
v42, 499. 

4. Fazekas, J. F., and Bessman, A. N., Unpublished 
data. 
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In our studies on the effect of interference 
with the arterial and venous blood circulation 
to the liver we have found a simple method 
of gradually producing a permanent occlusion 
of the portal vein which could likewise be 
used to advantage in other similar problems. 


Acute complete occlusion of the portal vein 
by any method is not tolerated by the dog 
and is regularly fatal. To produce portal 
occlusion, a procedure has to be used which 
leads to gradual closing of the vein. Wrap- 
ping of irritative cellophane around the vein 
is unsatisfactory, because it causes marked 
adhesions and usually only incomplete clos- 
ure of the vein. Partial constriction of the 
portal vein with a ligature of some non- 
absorbable material leads occasionally to 
complete obstruction of the vein but is fre- 


* This investigation was supported by a, research 
grant, from the Federal Security Agency, of the 
National Institutes of Health, Public Health Service. 
The Department is in part supported by the Michael 
Reese Research Foundation. 


quently without effect. 

We have found that placing two constrict- 
ing ties of umbilical cord (cotton No. 070 
Bauer and Black, Chicago), around the por- 
tal vein at a distance of 0.3 to 0.5 cm, in- 
variably leads to complete and permanent 
occlusion of the portal vein within 1-2 weeks. 
The ligatures should be tied as tightly as pos- 
sible over the tip of a small curved hemostat. 
After withdrawal of the hemostat, the bowels 
are not cyanotic, and the afferent portion of 
the portal vein is not appreciably distended. 

As a rule, this procedure is well tolerated. 
In all experiments, reoperation showed com- 
plete occlusion of the portal vein by a clot 
localized at the ligatures. 

Summary. Gradual complete occlusion of 
the portal vein in the dog is obtained by plac- 
ing two constricting ties around the portal 
vein. The procedure is recommended when 
gradual and complete permanent occlusion of 
the vein is desired. 
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Serial Propagation of Toxoplasma gondii in Roller Tube Cultures of Mouse 


and of Human Tissues.* 
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The demonstrated usefulness of roller tube 
cultures of mammalian tissue for the isolation 
of certain viruses of human origin has stimu- 
lated interest in the behavior of other types 
of human pathogens in tissue culture. While 
multiplication of Toxoplasma gondii has been 
demonstrated in cultures of chicken embryonic 
tissues(1-6) and on a single occasion in mam- 
malian tissue(7), the propagation of T. gondi 
in cultures of the roller tube type has not yet 
been explored. Apart from the diagnostic 
considerations involved, a study of the ca- 
pacity of T. gondii to propagate in roller cul- 
tures of human and of other mammalian tis- 
sues might be expected to augment our knowl- 
edge of the bionomy and the pathogenic attri- 
butes of the parasite. This paper deals in a pre- 
liminary manner with the behavior of Toxo- 
plasma in roller cultures of mouse embryonic 
and various human tissues. 


Materials and methods. A. Preparation and 
maintenance of cultures. Roller tube cultures 
were prepared as described by Robbins, Weller 
and Enders(8) in studies on cultivation of 
the poliomyelitis viruses. The tissues em- 
ployed were either of mouse embryonic origin, 
derived from white mice of the Harvard Medi- 
cal School strain between the 13th and 18th 
day of gestation, or were of human origin, 
including foreskin, myometrium and embry- 
onic skin and muscle. The mouse embryos or 
individual human tissues were minced with 
scissors and fragments explanted in a thin 
layer of clotted chicken plasma on the walls 
of roller tubes or on narrow coverslips which 
were subsequently inserted into roller tubes. 
The fluid medium of Enders(9) (beef am- 
niotic fluid, 90%; beef embryo extract, 5%; 
and inactivated horse serum, 5%) with peni- 
cillin, streptomycin, soybean trypsin inhibitor 
and phenol red(8), was employed. All roller 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 


cultures were maintained at 35°C and the 
nutrient fluids (2 ml per tube) were changed 
at 3- to 4-day intervals. Cultures were in- 
oculated as tissue growth became well estab- 
lished, usually after 4 to 8 days incubation in 
the case of the mouse or human embryo prepa- 
rations, and after 10 days for the cultures 
of human prepuce and myometrium. For 
histologic examination coverslip prepara- 
tions were withdrawn at intervals, fixed 
in Zenker’s-acetic or Bouin’s, and stained 
in toto with hematoxylin-eosin or Giemsa’s 
stain. B. Strains of Toxoplasma em- 
ployed. The RH strain was supplied by Dr. 
Quentin M. Geiman in whose laboratory it had 
been maintained by intraperitoneal passage 
in mice at 4- to 5-day intervals since its receipt 
in February, 1953, from Dr. Leon Jacobs of 
the National Institutes of Health. A second 
strain (KM), recently isolated at the Chil- 
dren’s Hospital by Dr. William D. Winter, Jr. 
from a fatal case was supplied by him in the 
form of material from the 24th mouse passage. 
C. Inoculation and subculture procedures. The 
inoculum for the first passage in roller cultures 
consisted of 0.1 ml of a 1:20 dilution in medi- 
um of peritoneal fluid removed from an in- 
fected mouse on the third day of infection. 
Subsequently, as organisms became numerous 
in the medium, (determined by microscopic 
inspection), fluids from a group of infected 
tubes were pooled and 0.1 ml aliquots trans- 
ferred to each of a new group of 3 or 4 roller 
cultures. Comparable control cultures were 
maintained and subinoculation of fluids from 
such uninfected cultures was performed at the 
time of serial passage. Routinely, aliquots of 
materials used for transfer were cultured on 
blood agar plates and in thioglycollate broth. 

Experimental observations. A. Propagation 
of the RH and KM strains of Toxoplasma in 
mouse embryo roller cultures. The two strains 
behaved similarly in vitro and serial passage 
of each was accomplished without difficulty. 
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CL ee 
FIG. 1. Photographs (Xx 150) of 15-d 


ay-old mouse embryonic roller cultures, 


Left: 


* 


S 
control 


showing normal cellular growth. Right: extensive cellular destruction 11 days after inocula- 
tion with Toxoplasma. 


The RH strain has been maintained in vitro 
for 15 consecutive passages during a cumulate 
period of 81 days while the KM strain has 
been propagated for 7 passages over a 56-day 
period. It is to be noted that the manipula- 
tions carried out during the maintenance of 
the RH strain for 15 passages resulted in a 
dilution of the order of 10-°* of the initiating 
inoculum; yet, the LDs9 of infected fluids 
from the 15th passage as determined in mice 
was 10°-° per ml. 

After inoculation cultures were usually ex- 
amined daily employing a magnification of 
100 X. Organisms floating free in the medium 
were easily recognizable and usually appeared 
in small numbers between the 3rd and 5th day 
after inoculation. Thereafter, the number of 
free organisms increased rapidly reaching 
maximum levels around the 6th or 8th day; 
at this time the organisms appeared as loose 


aggregates or floating plaques which some- 
times extended across the breadth of the low- 
power microscopic field. Such cultures con- 
tained as many as 2.5 million organisms per 
ml of medium as ascertained by counts with a 
haemocytometer. It should be noted that in- 
frequently, for reasons not now understood, 
organisms were first observed 10 to 12 days 
after inoculation. 

Striking degenerative changes, readily visi- 
ble under low magnification, occurred in the 
tissue phase of the cultures coincident with 
the appearance of large numbers of Toxo- 
plasma in the medium. Typically, diffuse 
fragmentation and death of the cell population 
developed over the 48- to 96-hour period after 
free organisms were first observed. These 
specific cytopathic alterations in cultures of 
mouse tissue are illustrated in Fig. 1. At this. 
stage a difference between the pH of the medi- 
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um in inoculated and in control cultures was 
also present, reflecting the marked destruc- 
tion of tissue in infected tubes. Characteristi- 
cally, the number of organisms in the medium 
declined rapidly once the tissues were de- 
stroyed. 

In addition to the observations made during 
passage of the two strains, a series of ancillary 
experiments have been performed that will 
be described in detail elsewhere. Certain of 
the findings may be summarized as follows: 

1) In confirmation of earlier reports, multi- 
plication of T. gondii in vitro has not been 
observed in the absence of living cells. Nega- 
tive results were obtained following inocula- 
tion of tubes containing medium alone, or of 
cultures in which the tissue phase had previ- 
ously been killed with heat. 2) While study 
of stained preparations is not complete, all 
types of cells present in the mouse embryo 
cultures appear susceptible to the cytopathic 
effect of T. gondii. Evidence of renewed cell 
growth in cultures following generalized spe- 


Toxoplasma in roller culture of human uterus 4 days after inoculation. 
preparation. Giemsa. 


Coverslip 
« 600. 


cific destruction was not noted during an 
extended period of observation. 3) No evi- 
dence has yet been educed indicating that a 
soluble toxic substance is responsible for the 
cytopathic changes. When the medium in 
uninfected cultures was replaced by medium 
from heavily infected cultures that had been 
rendered free of organisms by centrifugation, 
no obvious changes were noted in the meta- 
bolic activity or growth rate of the tissues. 
4) No significant alteration of virulence of 
T. gondu for mice has been observed thus 
far in the course of serial cultivation in vitro: 
Tenfold dilutions of fluids from the 7th roller 
tube passage of the RH strain in mouse tissue 
were inoculated into roller tubes and also 
intraperitoneally in mice; the ID; 9 and LD; 
titers respectively were of the order of 10° per 
ml. Two titrations performed on _ infected 
fluids from subsequent passages again indi- 
cated an LDs» titer for mice of the order of 
10°°; however, the IDsp titers in roller cultures 
of these materials were significantly lower. 
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B. Growth of the RH strain in various hu- 
man tissues. This phase of the study was 
designed to determine if 7. gondii derived 
from infected mouse embryo tissue cultures 
could multiply in various human tissues in 
vitro. Growth of Toxoplasma was readily 
demonstrated in roller tubes containing cover- 
slip preparations of human uterus (Fig.2), 
foreskin, or embryonic skin-muscle. In each 
of these, as in mouse tissues, multiplication 
was associated with a generalized cytopathic 
effect (Fig. 3). Furthermore, the organism 
was propagated for 3 passages in roller cul- 
tures of human myometrium, during which 
time its pattern of multiplication and cyto- 
pathogenicity generally paralleled that in 
mouse embryo cultures. 

Discussion. Multiplication of T. gondii 
has been conclusively demonstrated in roller 
tube cultures of mammalian cells. The find- 
ings serve indirectly to confirm Lock’s(7) 
note on the growth of this organism in em- 


FIG. 3. Roller culture of human foreskin 7 days after inoculation with Toxoplasma, showing 
extensive tissue destruction and numerous extracellular organisms. 


3 


Covershp preparation. 
x 600. 


bryonic rat heart tissue. That T. gondii grows 
readily in cultures of various human tissues 
has been determined. Moreover, so far as we 
are aware, organisms of the RH strain have 
for the first time been grown in tissues similar 
in origin to those from which they were orig- 
inally isolated some 15 years ago. 

Although previous workers have noted de- 
generative changes in cultures infected with 
Toxoplasma, the relationship between multi- 
plication of this organism in vitro and con- 
comitant destruction of actively proliferating 
tissue has not been generally recognized. As 
in the case of certain viruses, the cytopatho- 
genic attributes of Toxoplasma may be 
utilized as an indicator of specific biological 
activity in cultures. The large number of 
organisms released into the fluid phase of the 
cultures suggests that such material may pro- 
vide a useful source of antigen for various im- 
munologic procedures. In contrast to the 
organisms in infected mouse peritoneal fluid, 
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many of which are intracellular, those in tissue 
culture fluid are almost completely extracel- 
lular. 

The demonstrated ability of Toxoplasma 
to multiply in vitro in mammalian cells also 
suggests that this organism may be en- 
countered on occasion by those utilizing tissue 
culture procedures for the isolation of viruses 
from man. In such cultures, the phenomena 
associated with the multiplication of Toxo- 
plasma might be erroneously ascribed to bac- 
terial contamination or to viral cytopatho- 
genicity. 

Summary. The RH strain of Toxoplasma 
gondii has been propagated for 15 serial pas- 
sages and a second strain for 7 passages in 
roller tube cultures of mouse embryonic tis- 
sues. Multiplication of the RH strain was 
also observed in roller cultures of human fore- 
skin, uterus and embryonic skin-muscle tis- 
sues. In each instance, the appearance of 
organisms in the culture was associated with 
extensive degenerative changes and ultimate 
destruction of the tissue. At the point of 


Epidemic Histoplasmosis and Airborne Histoplasma capsulatum. 


FROM THE AIR 


apparent maximum release, the culture fluid 
contained large numbers of the protozoa. 
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photomicrographs. 


1. Sabin, A. B., and Olitsky, P. K., Science, 1937, 
v85, 336. 

2. Guimaraes, F. N., and Meyer, H., Rev. Bras. 
Biol., 1942, v2, 123. 

3. Meyer, H., and Oliveira, M. X. de, Rev. Bras. 
Biol., 1943, v3, 341. 

4, , tbid., 1945, v5, 145. 

5. Muhlpfordt, H., Z. Tropenmed. Parasit., 1952, 
v4, 53. 

6. Jacobs, L., Am. J. Trop. Med. and Hyg., 1953, 
v2, 365. 

7.. Lock, J. A., Lancet, 1953, v1, 324. 

8. Robbins, F. C., Weller, T. H., and Enders, J. F., 
J. Immunol., 1952, v69, 673. 

9. Enders, J. F., Proc. Soc. Exp. Brot. anD MeEp., 
1953, v82, 100. 


Received December 11, 1953. P.S.E.B.M., 1954, v85. 


(20789) 


Marta J. [sacH, Howarp W. LarsH, AND MicHaAeL L. FurcoLow. 
From the Communicable Disease Center, Public Health Service, Department of Health, Education, 
and Welfare, University of Kansas Medical Center, Kansas City, Kansas. 


Several authors(1,2) have suggested that 
infection with Histoplasma capsulatum is ac- 
quired by the airborne route. This route of 
infection is supported by the primary localiza- 
tion in the lungs, the frequency of pulmonary 
involvement, the small size of the majority of 
the spores(3), and the occurrence of labora- 
tory infections(4). This evidence is further 
supported by the recent report of a number 
of epidemics of histoplasmosis(5,6) where in- 
fections appeared to have been acquired from 
the air. H. capsulatum has been isolated 
from man, as well as from wild and domesti- 
cated animals, and from soils collected in 
various areas of the United States(6,7). The 
‘study reported in this paper represents the 
first isolation of the fungus from the atmos- 
phere. An epidemic of histoplasmosis in a 


farm family near Atchison, Kansas, afforded 
an excellent opportunity to culture the air for 
the presence of H. capsulatum in a specific 
locality. The entire family of 5 became ill 
with an influenza-like illness about 10 days 
after cleaning an unused chicken house. One 
patient required hospitalization for 62 days. 
H. capsulatum was isolated from farm animals 
and the soil both inside and immediately out- 
side of the chicken house. All 5 persons in- 
volved in the epidemic had pulmonary lesions 
demonstrable by X-ray and all of them had 
initially positive serological test for histo- 
plasmosis, followed by falling titers at later 
examinations. A similar epidemiological pic- 
ture was found near Beverly, Mo. A tenant 
farmer had cleaned an abandoned chicken 
house and contracted histoplasmosis as shown 
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by X-ray and serological changes. The etio- 
logical agent was isolated from the debris in 
the chicken house. 

Material and methods. The air in the 
chicken houses was sampled using the Venturi 
Scrubber air sampler. In this sampler, par- 
ticles are removed from the air by the scrub- 
bing action of the fluid spray produced by 
Venturi action. The fluid is recirculated by 
suction created at the Venturi constriction. 
The principles of the Venturi Scrubber have 
been adequately described(8). The apparatus 
is used industrially for the cleansing of air(9). 
Two sizes of scrubber samplers were used in 
these studies. The larger sampler has a 
Venturi tube with the following approximate 
dimensions: Length 13’ inches, diameter 2 
inches, and the throat constriction 34 of an 
inch. When the scrubber is in operation, the 
working volume of the liquor in the bowl is 
approximately 1270 ml. The smaller sampler 
has the following approximate dimensions: 
Length 414 inches, diameter 5¢ of an inch, 
and throat constriction 4 of an inch. The 
scrubbing liquor in the bowl at working 
volume is approximately 36 ml. The larger 
sampler was used with a tank-type vacuum 
cleaner which pulled 16 cfm. of air through 
the sampler. The smaller sampler was used 
with a vacuum pump which pulled 2.5 cfm of 
air through the scrubber. The samplers were 
sterilized in the autoclave prior to use. Sterile 
distilled water was used in the samplers as 
the scrubbing liquor. At the completion of 
the sampling period, the scrubbing fluid from 
the air sampler was filtered through a sterile 
Goetz millipore filter to concentrate the solid 
material captured from the air. The sediment 
when scraped from the filter pads and resus- 
pended in sterile saline. The suspension was 
treated with 8000 units each of penicillin and 
streptomycin per ml. The treated sample 
was stirred and permitted to stand undis- 
turbed for 30 minutes. After shaking the 
sample, white Swiss mice were inoculated with 
one ml of the suspension intraperitoneally. 
The following 3 consecutive days each mouse 
received 10000 units of penicillin subcutane- 
ously. Four weeks after inoculation the mice 
were sacrificed. The liver, spleen, and ad- 
renals of each mouse were placed in a sterile 


mortar and macerated, using sterile saline as 
the diluent. The macerated tissues were cul- 
tured on one brain heart infusion plate with 
10% blood and 2 Sabouraud’s plates. These 
plates contained 40 units of streptomycin and 
20 units of penicillin per ml of media. One 
ml of the tissue-saline suspension was inocu- 
lated onto each plate. The plates were incu- 
bated at room temperature for 4 weeks. 
Colonies were examined using lacto-phenol 
blue preparations. On all but one occasion 
the air sampling on the farms was limited to 
the interior of the chicken houses, and only 
the large Venturi Scrubbers were employed. 
These scrubbers were supported 2 or 5 feet off 
the ground floor. On the one occasion when 
the small Venturi Scrubber was used, it was 
supported 6 inches off the ground on the out- 
side of the chicken house. 

Results. Table I presents a summary of 
the results of air sampling at 2 sites. 

Reference to Table I shows that positive 
samples were obtained from the Kansas site 
on only one day. Perhaps this is explained 
by the fact that on the previous day the 
chicken house was raised approximately 6 
inches off the ground in preparation for mov- 
ing it to another location on the farm. The 
chickens had been removed 4 months pre- 
viously. Since the chicken house had no 
flooring, the dry straw and droppings covering 
the ground remained undisturbed. The in- 
takes of the large Venturi samplers were faced 
east 2 feet off the ground floor. These sam- 
plers were in operation for 3 hours. The 
smaller sampler was assembled outide the 
chicken house on the north side 6 inches from 
the building. The intake of the sampler was 
faced south. It was 6 inches off the surface 
of the soil. A 30-minute sample of the air 
was taken at this point. The wind velocity 
was estimated at 10 to 12 miles per hour, but 
the air was not visibly dusty. The soil sur- 
face and debris on the floor of the chicken 
house were not disturbed during the sam- 
pling except by the southerly wind. Air 
sampling on this day, resulted in isolation of 
H. capsulatum from the air with both the 
large and small Venturi scrubbers. 

The air sampling results obtained at the 
Missouri site are particularly significant be- 
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TABLE IT. Summary of Results of Air Sampling. 


No. mice 
Type Ht of sam- died 48 hr | . 
Venturi Sampling ples from No. of and not No. pos. Yo pos. 
Location Date used time, hr ground, ft mice inoe. cultured mice mice 
(each sampler) 

Kans. site 12/11/52 Large 15; 5 if 6 () 0 
1/27/53 4 iss) ‘3 8 0 0 0 
2/18 4 ao 5 9 0 ) 0 
Syl dies sis ilies 5 7 0 0 0 
4/14 BOy 2 35 5 ai) 37 
4/14 Small 5 wy 4 0 Mt 25 
Mo. site 10/31/52 Large 1.5 2 7 4 0 0 
7/ 8/53 aN A5* 2 5 0 0 0 
7/ 8 4.5 5 5 0 0 0 
ff MG 4,0* 2 8 4 2 50 
ge 4.0 5 5 if 2 50 
Wee 4.0+¢ a fi 0 a) 0 
7/29 4.51 2 7 0 7 100 
8/ 6 4.5* 2 7 0 3 3 
Total 12 20 26 26 


* Two samples were run simultaneously and fluids combined. 
” ‘ ” ” ” 


+ Three, 7 # 


cause H. capsulatum could be repeatedly iso- 
lated from the air in the chicken house. Con- 
sidering the possibility of respiratory infection, 
it is especially important to note that on one 
occasion the intake of the sampler was 5 feet 
above the floor. The tenants cleaned the 
chicken house on July 26, 1953, removing 
planks that had been laid loosely on the 
ground. This cleaning did not alter the 
presence of H. capsulatum since the fungus 
was recovered before and after the cleaning 
of the building. During the 3 sampling 
periods when H. capsulatum was isolated the 
wind was calm and the debris on the flooring 
was not disturbed. 


Summary. It is believed that these 5 isola- 
tions represent the first time that H. capsu- 
latum has been obtained from naturally con- 
taminated air. These results and the presence 
of an epidemic pulmonary disease in the resi- 
dents on these farms provide evidence that 
H. capsulatum can be airborne. These results 


also show that the large and smail Venturi 
scrubbers of the type employed are capable 
of removing the spores of H. capsulatum from 
alr. 


1. White, F. Clark, and Hill, Harry E., Am. Rev. 
Tuberc., 1950, v62, 1. 

2. Grayston, J. T., Loosli, C. G., and Alexander, 
BE. R., Science, 1951, v114, 323. 

3. Cozad, George C., and Furcolow, 
PE IRTECE Diese LOSS EN OO mie 

4. Furcolow, Michael L., Guntheroth, 
and Willis, Myron J., J. Lab. and Chin. 
v40, 182. 

5. Grayston, J. Thomas, and Furcolow, 
Am. J. Pub. Health, 1953, v43, 665. 

6. Furcolow, Michael L., and Grayston, J. Thomas, 
Am. Rev. Tuberc. 1953, v68, 307. 

7. Emmons, C. W., Am. J. Pub. Health, 1950, v40. 

8. Jones, W. P., Indus. and Eng. Chem., 1949, 
v4l1, 2424. : 

9. Collins, T. T., Jr., Seaborne, C. R., and Anthony, 
A. W. Jr., Paper Trade J., 1947, v124, 45. 


Michael L., 


Warren G., 
Med., 1952, 


Michael L., 


Received December 14, 1953. P.S.E.B.M., 1954, v85. 


Studies on Oxygen Poisoning: Protective Effect of 8-Mercaptoethylamine.*t 


(20790) 


REBECA GERSCHMAN, SYLVANUus W. Nyg, Danitet L. GILBERT, PETER Dwyer, AND 
WALLACE O. FENN. 


From the Department of Physiology and Vital Economics, University of Rochester School of 
Medicine and Dentistry, Rochester, N. Y. 


Based on theoretical considerations and 
analogies found in the literature, an hypothe- 
sis has been formulated(1) on a_ possible 
mechanism in common between the initial 
fundamental action of high oxygen pressures 
and the primary mechanism of x-radiation. 
The latter is generally considered to be 
mainly indirect and due to the oxidizing free 
radicals OH*® and O2H°(2,3). When high 
oxygen pressure and x-rays were applied 
simultaneously to mice, a synergistic effect 
was revealed by a significant shortening of 
the survival time in the acute oxygen experi- 
ments(1). 

This prompted the investigation of other 
possible manifestations pointing to a common 
path of action. Further evidence lending 
some support to the hypothesis is now accu- 
mulating. It was found that agents of dif- 
ferent chemical nature known to give pro- 
tective action against x-radiation lethality 
also prolonged significantly the survival times 
of our mice submitted to acute high oxygen 
pressure. This was the case for glutathione 
(4,5), cysteine(6,7), and ethanol(8) which 
also greatly protected against oxygen poison- 
ing(1). Bacq et al.(9) showed a clear pro- 
tective effect in x-irradiated mice pretreated 
with $-mercaptomethylamine and this was 
confirmed by Rugh and Wang(10). Experi- 
ments showing a similar effect in mice sub- 
mitted to high oxygen pressure are presented 
below. 


Methods. Forty ‘““Webster”’ female mice of 
the Clara Lynch strain, weighing approxi- 
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mately 20 g each, were used. Two groups of 
20 mice (10 controls and 10 experimentals) 
were tested on 2 different days. The 10 ex- 
perimental mice received intraperitoneal in- 
jections of 3.33 mg of 8-mercaptoethylamine 
in 0.2 ml of saline. (1.0 ml of Becaptan 
hydrochloride—S. A. Labaz—was diluted to 
6.0 ml with saline.) The control mice re- 
ceived an equal volume of saline. Within 5 
minutes after the injections the 10 control 
mice were put in one chamber and the 10 
Becaptan-injected mice were put in the other. 
The 2 chambers were flushed for one-half 
minute with oxygen from a single cylinder 
fitted with a “Y” tube and then were brought 
directly to 6 atmospheres (75 w gauge) of 
oxygen pressure. During the experiment 
there was a continuous flow of oxygen suf- 
ficient to keep the carbon dioxide concentra- 
tion in the chambers close to a zero level. 
Survival times were measured from the time 
that a pressure of 6 atmospheres was attained 
until the cessation of respirations. 

Results. In the first experiment the sur- 
vival times for the mice injected with B- 
mercaptoethylamine ranged from 51 to 84 
minutes, the average being 66.1 minutes. The 
control mice survival times ranged from 37 
to 53 minutes, the average being 44 minutes. 

In the second experiment the survival times 
of the treated mice ranged from 70 to 102 
minutes and of the controls from 37 to 54 
minutes. The respective averages being 89 
and 45.9 minutes. 

The average survival time for both groups 
of treated animals was 76.9 + 2.72 minutes 
and the control average was 45 + 1.39 
minutes. The actual times of death of the 
various animals are shown in Fig. 1. 

Discussion. In the extensive work of Bacq 
et al. on the effect of B-mercaptoethylamine 
(SH-Chs-CH,-NH» = Cysteamine = Be- 
captan R.N.), evidence was produced show- 
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ing that this substance exerts a marked pro- 
tective action against the effects of irradiation 
on mice and on certain other biological sys- 
tems. A discussion of the biological actions 
of B-mercaptoethylamine can be found in the 
paper by Bacq et al.(9). This substance is 
not only interesting because of its -SH group, 
which might account for its protective action, 
but also because it has been shown to be a 
part of Coenzyme A(11-13). In this connec- 
tion Bacq and Herve(14) have found that 
Coenzyme A, in equimolecular concentrations, 
seems to be much more active than f-mer- 
captoethylamine as a protector against x-rays. 
On the other hand, Stadie ef al.(15), Mann 
and Quastel(16), and Dickens(17) have stud- 
ied a number of —SH enzymes showing dif- 
ferent degrees of sensitivity to high oxygen 
tensions. Succinic dehydrogenase, among 
others, was inactivated by increased oxygen 
tensions, but the enzyme system showing the 
greatest sensitivity was the pyruvic oxidase 
system. Dickens(17) working with brain 
tissues, suggested that the primary effect of 
oxygen poisoning may be an inactivation of 
the pyruvic oxidase system, although possible 
effects on other enzyme systems were not ex- 
cluded. The im vitro inactivation of —SH 
containing and other enzymes by ionizing 
radiations has been well demonstrated by 
Barron e# al.(18). It has been claimed both 
for oxygen poisoning(19) and irradiation (20) 
that 7m vivo there is no appreciable change in 
the activity of the oxidative enzyme systems 
studied and no significant change in oxygen 
uptakes, to explain the deleterious effects pro- 
duced by these agents. However, oxygen up- 


take may not always be a good index of a 
normal metabolic ability of the cell(21). 

Among the many factors contributing to 
the sum of biochemical lesions resulting in the 
symptoms produced by oxygen poisoning or 
by x-radiation, the role of changes produced 
in fatty acid metabolism(22,23) may prove 
to deserve consideration. 

If one chooses to think that the protective 
effect shown by £-mercaptoethylamine is due 
to its role as a component of Coenzyme A, 
(a coenzyme for the pyruvic oxidase system) 
and if pyruvic acid is regarded as linking the 
metabolism of carbohydrate, fat, and protein, 
then a general metabolic breakdown may be 
pictured when there is interference with the 
normal oxidative decarboxylation of pyruvic 
acid. In the above mentioned experiments of 
Bacq and Herve(14) protection against x-ir- 
radiation was obtained with 3 mg of Pabst 
Coenzyme A per 20 g mouse, injected intra- 
peritoneally, this being equivalent to approxi- 
mately 0.3 mg of B-mercaptoethylamine on a 
molecular basis. In order to find out if Co- 
enzyme A would also protect against oxygen 
poisoning, we used the same dose and site of 
injection, and have obtained in a few experi- 
ments a highly significant protection. 

With Coenzyme A (Pabst), Lot No. 402, 
in 2 experiments with a total of 9 treated and 
11 control mice we obtained 26.4 minutes of 
protection which was significant at the 0.3% 
level. However, with Coenzyme A from Lot 
No. 403 in 4 experiments with 30 treated and 
30 control mice, we obtained only 8.0 minutes 
of protection, significant at a 2.6% level. 
Because there was a consistent difference in 
the protection with each lot, we plan to do 
further oxygen poisoning experiments with 
Coenzyme A. Since Coenzyme A is a coen- 
zyme for a number of enzymatic systems other 
than the pyruvic oxidase system, it would be 
well to keep in mind the possibility that x-rays 
and high oxygen pressure might affect any of 
these systems through a primary action on 
Coenzyme A. 

The possible applications of this substance 
to deep sea diving and retrolental fibroplasia 
problems are now under study. 

Conclusions. Mice exposed to 6 atmos- 
pheres of oxygen are protected and_ their 
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survival prolonged 70% by previous intra- 
peritoneal injection of 3.33 mg of @-mer- 
captoethylamine per 20 g body weight. 
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Excretion of Carbon-14 by Man after Administration of 


Morphine-N-Methyl-C™.*+ 
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In contrast to the considerable information 
available concerning the excretion of morphine 
in the human addict(1-3), little attention has 
been directed to morphine excretion in non- 
addicted man following administration of a 
single therapeutic dose. Oberst has presented 
data on urinary concentration of free and 
bound morphine in normal man but figures for 
complete excretion are lacking(3). Thus most 
of our present knowledge regarding morphine 
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excretion in the normal animal has been de- 
rived from data on dogs(4-6) and rats(7). 
In both these species, it has been shown that 
with the development of tolerance there is a 
concomitant alteration in the excretion of 
morphine metabolites as evidenced by a 
marked reduction in the recovery of bound 
morphine from urine. Although it is possible 
that a parallel alteration occurs in man fol- 
lowing the development of addiction, never- 
theless, precise data on normal man are de- 
sirable. In view of the relatively small amount 
of morphine contained in a therepeutic dose, 
it was felt that the application of tracer tech- 
nics to this problem would be helpful. 


Experiments on rats using N-C™H; labeled 
morphine indicated that excretion of radio- 
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activity is virtually complete in 48 hours(8). 
This suggested that excretion might be rapid 
enough in man to warrant the injection of 
radioactive morphine. Since only limited 
amounts of carbon-14 can be administered to 
normal humans, the present study was initi- 
ated to determine the feasibility of doing 
tracer studies in normal humans using one 
microcurie or less of radioactive carbon and 
as a preliminary step toward isolation and 
identification of metabolic products of mor- 
phine. This report deals with the quantitative 
aspects and time relations involved in the 
urinary, fecal and pulmonary excretion of 
carbon-14 by cancer patients and normal hu- 
man subjects following the administration of 
N-C™H; labeled morphine contained in a 
single therapeutic dose. 

Methods. The  morphine-N-methyl-C™ 
used in these studies was synthesized by Rapo- 
port, Lovell and Tolbert(9). It was con- 
verted to the sulfate and diluted with com- 
mercial morphine sulfate for intramuscular 
injection. The cancer patients received a dose 
of 15 mg containing 17.2 microcuries of car- 
bon-14. The normal subjects were given 
10 mg containing a total of 0.9 microcuries of 
carbon-14. The subjects included 3 terminal 
cancer patients and 2 normal adult volunteers 
as follows: A. C., 2, age 49, carcinoma of the 
colon with metastases; H. B., 3%, age 68, 
multiple myeloma; H. E., %, age 32, normal; 
P. R., 9 age 33, normal. The cancer patients 
were not markedly debilitated and had no 
gross disturbance of liver, kidney, or bowel 
function with the exception of A. C. who had 
a persistent colitis partially controlled by 
terramycin. A. C. and H. B. received no 
morphine type analgetics for 48 hours prior 
to radio-morphine injection. In addition to 
these non-addicted subjects, one cancer pa- 
tient designated as a morphine addict was 
included in this study. This patient, V. M., 
2, age 31 with carcinoma of the colon with 
metastasis, had been taking morphine or simi- 
lar analgetics for 2 years and at the time of 
this experiment had been taking daily oral 
doses of up to 90 mg of morphine. 

One of two methods was used for determina- 
tion of respiratory CO, depending on the 
amount of radioactivity administered. For 


the cancer patients it was sufficient to have 
the subject rebreathe for 1 minute into a 9 
liter rubber bag containing about 6 liters of 
oxygen. This CO, thus collected was ab- 
sorbed in a NaOH tower and subsequently 
precipitated as BaCO; which was weighed to 
determine the per minute output of COs. 
Samples with a specific activity of greater than 
10 dis./min./mg BaCO; were counted with 
a proportional counter (Nucleometer, Radia- 
tion Counter Laboratory, Chicago, Ill.) , others 
were converted to CO. and measured in an 
ionization chamber. The instruments were 
calibrated with samples prepared from stand- 
ard carbon-14 obtained from the National 
Bureau of Standards, Washington, D. C. 
Breath samples’ from the normal adults used 
in this study were obtained by having the 
subjects breathe directly into a vacuum line 
designed for the collection and purification of 
CO.(10). Three- to 6-minute breath samples 
were collected and stored in one liter bulbs. 
Radioactivity was then measured in a 500 
cc ionization chamber using the rate of drift 
method with a vibrating reed electrometer 
(Applied Physics Corp., Pasadena, Calif.) and 
a continuous recorder (Brown Potentiometer 
Recorder, Minneapolis-Honeywell Regulator 
Co., Philadelphia, Pa.) The sensitivity of 
this method was about 0.004 dis./min./mg 
BaCOs. Urine samples were collected at vary- 
ing intervals for 3 days following drug injec- 
tion. Aliquots were dried and combusted to 
CO. using a chromic-sulfuric acid oxidizing 
mixture(11). Feces were collected for 3 days 
and aliquots of each 24-hour specimen com- 
busted as above. The COs; obtained from 
urine and feces combustions was precipitated 
as BaCOs and radioactivity measured using 
100 cc ionization chambers. 

Results. The output of CO. in the breath 
was estimated by plotting the total radioac- 
tivity obtained from each breath sample 
versus time and mechanically integrating the 
rate plot thus obtained. The area under the 
curve was cut into strips corresponding to 
one or two hours on the time axis and the 
weight of each compared with the weight of a 
section of the graph paper which was equiva- 
lent to a convenient number of disintegrations 
per minute. The peak rate of C™O. excretion 
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FIG. 2. Pulmonary excretion of C“O, for the 24 
hr period following the administration of labeled 
morphine. 


in the breath occurs between 30 and 90 min- 
utes after drug administration, corresponding 
to the time when the pharmacologic actions of 
morphine are most profound (see Fig. 1), 
and then falls off rapidly. The cumulative 
24-hour pulmonary C'*O, excretion is shown 
for all subjects in Fig. 2. The 24-hour pul- 
monary excretion of carbon-14 ranged _be- 
tween 3.4 and 5.3% for the nontolerant sub- 
jects. Although more pulmonary C™Os, 
6.1%, was recovered from the addict (V.M.) 
further studies are required to determine 
whether this represents a significant difference. 

Measurable amounts of radioactivity were 
present in breath samples obtained from H.B. 
5 days after injection and from V.M. 4 days 
but not 8 days after injection. This suggests 
that to a limited extent a transfer of CH; 
groups from the morphine molecule to the 
metabolic pool may occur from which CMO, 
is slowly liberated by normal catabolic proces- 
ses. In the metabolism of glycine in man 
(12,13) approximately 40% of the methylene 
carbon is converted to COs in 24 hours. If 
one assumes that the rate of metabolism of the 


N-methyl group of morphine and the N-me- 
thylene group of glycine are comparable then 
one can estimate that the 5% pulmonary ex- 
cretion of C'QOs, in these subjects represents 
about 12.5% breakdown of the morphine to 
produce methyl groups for general body 
metabolic processes. There is also the possi- 
bility that a small amount of the intact 
morphine molecule is held in some firm 
combination which is slowly metabolized, 
since Gross and Thompson(4) have shown 
that the nontolerant dog continues to excrete 
small amounts of morphine for at least 6 
days. It should be further noted that an 
interesting species difference between rat and 
man exists in the pulmonary excretion of 
radioactivity. The sex difference which oc- 
curs in the rat(8) was not found in our studies 
on humans. 

Considerable differences are observed in 
total urinary excretion of radioactivity (Fig. 
3) which may be related in part to urine out- 
put. The addict (V.M.) maintained a high 
urinary output during the entire course of the 
experiment and exhibited a marked diuresis 
for the first 6 hours during which her rate of 
Carbon-14 excretion was well above that of 
the other subjects. Two subjects, A.C. and 
P.R., had low urine outputs for the first 6 
hours with correspondingly low carbon-14 
outputs. A similar coupled trend was ob- 
served by Plant and Pierce(14) in their 
studies on dogs and by Oberst(1) in his 
studies on human addicts. Appreciable 
amounts of activity were eliminated in the 
feces of non tolerant subjects and, in contrast 
to urinary excretion, the amounts are fairly 
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administration of labeled morphine. 
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TABLE I. Fecal Excretion of Carbon-14 as Related to Feces Output. 
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Non-addict Addict 
‘ SED! 
Hr A.C H..B te Pa: V.M. 
0-24 g feces 412 109 159 0 0 
J dose 6.91 2.24 7.34 0 0 
24-48 g feces 375 151 170 443 123 
% dose Se 4.22 1.60 9.46 04 
48-72 g feces 353 22 350 0 0 
% dose .06 27 1.44 0 0 
72-96 g feces — — —— 74 Cee 
% dose — = — 88 03 
Total g feces 1140 282 679 SLT 172 a 
% dose 7.24 6.73 10.38 10.34 97 


TABLE II. Summary of Carbon-14 Recovery from 
All Sources. 


Addict 


Non-addiect 
Fe: aa = 
Subject AC OD VELB Se (ESE ee Ey amv pe 
Urine Sulaiy (Ore Aoi’ “a/aleil 98.3 
Feces 7.2 ae WO Os ak 
Breath 4.9 5.2 3.4 5.3 6.1 
Blood 32 it 
Vomiting & duo- ot 
denal drainage 
Total 70.5 76.7 497.5) 86,70 1045 
TABLE III. Concentration of Carbon-14 in Duo- 
denal Secretions of Subject A.C. 
Hr gy Ly BH) 6.0 12.0 24.0 
Dis./min./ml 391 508 5469 10360 3670 4760 
constant (Table I). Fecal excretion of 


carbon-14 by the addict V.M. was negligible 
and since this represents a significant differ- 
ence from the nontolerant subjects it should 
be further studied. 

Total carbon-14 recoveries from all sources 
ranged from 71-105% (Table II). The 
highest values were obtained on those sub- 
jects who had high urinary carbon-14 outputs, 
V.M. and H.E., and in these the pulmonary 
excretion of C'O, was already quite slow at 
the end of 24 hours. Since the slope of the 
pulmonary excretion curve (Fig. 2) for the 
other three subjects indicates that there is 
continued production of C™Os, at the end of 
24 hours, one can postulate that there is here 
a more extensive incorporation of the N- 
methyl group of the morphine molecule into 
the general body carbon pool. This could 
account in part for the low radioactivity re- 


covery in these cases. To determine the role 
of the intestinal tract in the disposition of 
morphine, a duodenal tube was passed in sub- 
ject A.C. and samples obtained at intervals 
for 24 hours. The concentration of carbon- 
14 in duodenal secretions at various times is 
shown in Table III. Assuming that duodenal 
carbon-14 originates in the biliary excretion 
and that the 24-hour bile output is 500 ml 
(15), integration of the curve obtained by 
plotting concentration versus time (Table III) 
gives a total of 7.4% of the injected dose 
potentially available for excretion via the 
intestinal route. Since this figure closely ap- 
proximates the experimentally determined 
figure of 6.9% for the 24-hour fecal excretion 
the inference may be drawn that the total 
fecal output arises from bilary excretion. The 
reabsorption of this material from the in- 
testines is apparently negligible, since 24-hour 
retention of feces by subject P.R. did not 
result in a decreased fecal carbon-14 output as 
compared with other nontolerant subjects. 


Previous work by Oberst(3) has shown 
that morphine appears in the bile in conju- 
gated form but is recovered from the feces 
in free form only. It would appear from our 
results, therefore, that hydrolysis of conju- 
gated morphine must take place in the in- 
testine. This is supported by the finding that 
the intestinal flora of the rat are able to 
hydrolyze glucuronides(16). It is of interest 
to note that a striking species difference exists 
between rat and man in the disposition of 
morphine as evidenced by a 5-fold greater 
fecal excretion and at least a 9-fold greater 
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biliary excretion in the rat(8). It would 
appear that in the rat much intestinal mor- 
phine of biliary origin is subsequently re- 
absorbed. 

Summary. 1. Therapeutic doses of mor- 
phine-N-methyl-C'* have been administered 
to 5 human subjects. The major portion of 
the radioactivity is excreted in 24 hours. 
Urinary excretion accounted for most of the 
recovered activity, and there was some cor- 
relation between urine volume and carbon-14 
excretion when these volumes were abnormally 
high or low. 2. Fecal excretion accounted for 
7 to 10% of the dose and the possibility that 
this material originates in the bile as “bound” 
morphine with subsequent hydrolysis in the 
intestine is discussed. Intestinal excretion is 
not as important in man as in rats. 3. Pul- 
monary excretion of COs, ranged from 3% 
to 6% of the injected dose in 24 hours. There 
was no sex difference in excretion by this 
route, as has been observed in the rat. 4. The 
carbon-14 excretion pattern for the one addict 
was similar to the nontolerant subjects, except 
in the case of the feces. 5. It has been shown 
that it is feasible to do tracer studies in normal 
subjects using less than a microcurie of 
carbon-14. 
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Hypothermia produced by restraint in mice 
has been previously reported(1), and a brief 
review of the literature dealing with this sub- 
ject presented. To the authors’ knowledge 
only the smaller thermolabile laboratory ani- 
mals have been studied for this response. 
This group includes the rabbit with thermal 
instability commonly noted in routine work 
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(2). In the present series, cats, generally 
thermostable animals, have been stressed by 
restraint and the effect on body temperature 
noted. It is known that stresses, which are 
partially emotional in nature, result in a loss 
of temperature regulation of smaller mam- 
mals, with a resultant body temperature drop 
when the animals are exposed to cold(1). If 
such a response to stress, either emotional or 
physical, existed in man, the lowering of body 
temperature in the cold would impose a 
serious handicap on such individuals as mili- 
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FIG. 1. Comparison of avg temperature drop of 
dead cats, restrained cats, and unrestrained cats 
(controls) in the cold (-15°C + 2°). 


tary personnel who must perform at peak 
efficiency. Thus the necessity of studying 
this problem in a large thermostable animal. 

Methods and materials. Forty adult mon- 
egrel cats of either sex were used. They were 
divided into 14 controls, 13 restrained, and 13 
dead animals. The control animals were 
housed individually in large cages in a cold 
room (-15°C + 2°C). Deep rectal tempera- 
tures were taken with a thermometer at the 
beginning and end of the tests. The restrained 
animals were treated in one of two manners. 
Some had their legs, placed in normal posi- 
tions, tied to 4 uprights; others, still in a 
normal position, had their hind legs tied to 
pegs while their neck was placed between 
uprights too close together for the head to be 
withdrawn. In both of these categories, the 
animals were placed in the cold room and 
body temperatures were taken intermittently 
with indwelling rectal thermometers inserted 
to a depth of 3 to 5 inches. The indwelling 
thermometer should be considered a part of 
the stressing technic. The third group of 
cats was killed by an overdose of sodium pen- 
tobarbital, placed in the cold room with in- 
dwelling rectal thermometers and tempera- 
tures taken intermittently throughout the 
duration of exposure. 

Results. As shown in Fig. 1, the restrained 
animals lost body temperature (terminal 
temp. 31.5°C) while the control animals 
housed in large cages maintained an essen- 
tially normal body temperature (37.5°C). 
The body temperature of the restrained ani- 
mals dropped in spite of continuous strug- 


gling which was maintained throughout the 
entire length of the exposure. A comparison 
of the curve for body temperature loss in the 
restrained cats with that for the dead cats 
shows that the restrained cats lost body tem- 
perature much more slowly than the dead 
animals (terminal temp. 22°C). 


Discussion. Although several investigators 
(1-4) in working with rats, mice, or rabbits, 
have reported restraint-induced hypothermia, 
there has, to the authors’ knowledge, been no 
report of such a phenomenon in a large, ther- 
mostable laboratory animal such as the cat. 
Most of these investigators used a modifica- 
tion of the Hamilton technic(3) and stated 
the belief that emotionality was an important 
factor contributing to hypothermia. Ware 
et al.(5) have reported they were unable to 
obtain hypothermia by use of this method un- 
less the restraining cage was tight enough to 
restrict breathing. This work raised serious 
questions concerning an ‘emotional’? nature 
of the stress and caused many to doubt the 
reliability of the conclusions drawn by other 
investigators using this technic. The cats 
used in the present studies were not caged 
and therefore there was little possibility of 
restraint of breathing. Body temperature fell, 
nevertheless, thus indicating that hypothermia 
can be produced in the cat by restraint with- 
out restriction of breathing. As mentioned 
previously, the restrained animals, without 
exception, struggled vigorously during the 
exposure. For body temperature to fall under 
such conditions in an otherwise relatively 
thermostable organism, distinct physiological 
changes favoring heat dissipation must have 
occurred. The possibility of an emotional 
factor and the physiological mechanism in- 
volved are being studied. A comparison of 
the curves for body temperature drop in the 
dead and restrained animals indicates that the 
restrained cats maintained temperature regu- 
lation better than mice under similar condi- 
tions(1). 

The fact that a stressful situation so dra- 
matically interferes with temperature regula- 
tion in the cat suggests that a similar mech- 
anism may exist in the human. Thus the 
problem of proper morale and indoctrination 
becomes more acute in light of the possible 
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effects of such an induced hypothermia upon 
personnel exposed to a stressful situation in 
the cold. 

Summary. Healthy adult male and female 
cats were restrained in essentially normal 
positions by binding of legs or head to sta- 
tionary supports. The effect of exposure on 
the body temperature of these animals in a 
cold room (—15°C + 2°C) was compared 
with that of dead animals and with controls 
which were housed individually in large 
cages. Temperatures were taken with in- 
dwelling rectal thermometers in the dead and 
restrained animals and at the beginning and 
end of the tests in the case of the control cats. 
Body temperatures of the restrained animals 
over a 2-hour exposure fell markedly (5.6°C) 


Effect of Fluoroacetate Upon Poliomyelitis in Monkeys.* 


as compared to the control group (1.2°C). 
The temperature fall of the dead animals 
was the greatest (10.2°C). Since the animals 
were not caged, the hypothermia which re- 
sulted must be attributed to factors other 
than restricted breathing, perhaps partially 
to emotional stress. 
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THOMAS FRANCIS, JR., GORDON C. BROWN, AND ALEXANDER KANDEL. 
From the Department of Epidemiology, School of Public Health University of Michigan, Ann Arbor. 


Recent studies from this laboratory have 
demonstrated that the intraperitoneal admin- 
istration of sodium fluoroacetate inhibits the 
growth of influenza virus in the lungs of mice 
(1) and that it suppresses the growth of the 
Lansing strain of poliomyelitis virus in the 
brains of mice(2). In the latter report it was 
shown that this compound also effected an 
increase in the incubation period of disease. 
These experiments as well as others employ- 
ing tissue cultures(3) demonstrated that 
fluoroacetate does not destroy the virus upon 
simple contact but rather that its effect is 
obtained by interrupting the Krebs cycle so as 
to interfere with the utilization of citric acid. 
The accumulation of citric acid in large quan- 
tities in animal tissues following fluoroacetate 
administration has been adequately demon- 
strated (4-7) and its continued synthesis with- 
out further metabolism appears to be due to 
inactivation of the enzyme system necessary 
for the oxidation of citrate. The present re- 
port describes the effect of intravenously in- 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 


oculated fluoroacetate upon cynomolgus 
monkeys and their infection with poliomyelitis 
virus. 


Methods. Cynomolgus monkeys (Macaca 
rus) weighing between 1.5 and 3.5 kg were 
used throughout this study. A solution of 
sodium fluoroacetate was freshly prepared in 
distilled water and inoculated intravenously 
in measured quantities to give exactly the 
desired mg per kilo of body weight. Toxicity 
tests determined that a dosage of 5 mg per 
kilo was very near the maximum tolerated 
dose but was well tolerated by the animals 
except for occasional and temporary weak- 
ness, irritability, and anorexia. The citrate 
content of the brain tissue in 3 monkeys fol- 
lowing administration of this dose of the drug 
was determined by the pentabromoacetone 
method(7). The values in y/g wet tissue 
were found to be 33, 29, and 36, respectively. 
Normal values of 40, 41, and 42 obtained with 
untreated monkeys demonstrate that the brain 
is not the site of citrate accumulation. The 
significance of this finding will be considered 
in the discussion. In the experiments to be 
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TABLE I. Effect of Fluoroacetate upon Infection 
of Cynomolgus Monkeys with 100 PD;, Poliomyel- 
itis Virus. 


Not 
Par par iz 


Treated (0 day) 


Onset paralysis 
(days) 


Avg 
onset 


3 2 .0952 8, 9, 18, 0, 0 10 
4 1 0522 9511, 14,17, 0 2.75 
3 1 .0216 8, 11, 18, 0 12.3 
ft il .0192 DoD pe) elt aise mmmceer 
17, 19, 0 
8 2 .0043 Sr 85 Ory LO LO mo eo 
12, 14, 0,0 
8* 2 .0010 OO, dit, wal. ileal 
12,14, 14, 0,0 
Total 33 9 Gree 
77) Mada Bales 
Treated (+3 day) 
5 0 tosalale aad ai ales ale) 
5 0 CO’ fis tigen Oc6 
a il 4063 Are e250) 12 
6 4* “S0199) O1687,.78, 910s eer 
0, 0, 0, 0 
Total 18 5 10.1 
Jo 78.2 Pal §S} 
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10 0 Belle Up thy enon 8.3 
Oe Opell salute 
5 0 Ue tery tll ala! 8.8 
5 0 6,16,.9) tal 2a 10.6 
4 0 4,13, 16,17 LES 
10 0 7,9, 9,9, 9,9; 9.4 
10; 10, 10, 12 
10 0 (pms ONO. alls 
14, 14,17, 19 
Total 44 0 9.9 
% 100 0 
*10 PDs. 


described, a dose of 5 mg/kilo was adminis- 
tered once either on the day of virus inocula- 
tion (QO days) or 3 days after virus (+3 
days). The virus was the original Mahoney 
strain which had been isolated in this labora- 
tory and adapted to subcutaneous invasiveness 
by repeated passage via this route. It was 
preserved as titrated pools in glass sealed 
ampoules in the frozen state until used. With 
the exception of one experiment which em- 
ployed a 10° dilution, all inoculations con- 
sisted of one ml of a 10° dilution which rep- 
resented 100 PDs 9 of virus when given sub- 
cutaneously between the scapulae. Appro- 
priate aumbers of control monkeys were in- 
« wiated with virus alone and the animals 
were observed daily for clinical signs of ill- 
ness. All questionable diagnoses were clari- 
fied by histological examination. 


Results. The results of 6 experiments are 
summarized in Table I. All monkeys inocu- 
lated with virus alone developed paralysis. 
This result among the control animals empha- 
sizes the adequacy of the viral dosage em- 
ployed in these tests. In contrast, 9 of 42 
monkeys (21.5%) which received 5 mg of 
fluoroacetate per kilo on the day of virus 
resisted the clinical infection as did 5 of 23 
animals (21.8%) receiving the drug on the 
third day after virus. 

The probabilities of these results occurring 
by chance were calculated by use of exact 
probability for a specific combination.t 
These probabilities for the 0 day treated 
groups are listed in Table I. From these it 
will be seen that the likelihood of chance 
occurrence of the results after 2 experiments 
was 5 in 100, and after 3 experiments as 2 
in 100. Although the survival rate for all 
6 experiments was calculated as being very 
significant (1 chance in 1000) the last 3 ex- 
periments were actually unnecessary since 
significance had been reached much earlier. 
This illustrates the advantage of calculating 
significance more frequently during the course 
of such experimental work. In contrast to 
the “O day” results, significance was not 
reached until the fourth and final experiment 
when drug was administered on the third day 
after virus, although the per cent of survival 
was remarkably similar. 

The average incubation period in drug- 
treated monkeys which developed paralysis 
was not significantly different from that of 
the control group. 

Discussion. The suppression of viral 
growth in isolated tissues cultured outside the 
intact host is readily accomplished with a 
wide variety of metabolic inhibitors. Al- 
though these experiments provide valuable 
information concerning the growth require- 
ments of a given virus such compounds are 


TeDhe: equation is) sai Ga irom @mli@s al 
b! c! d! N!) where the letters are taken from the 
form: 


We are indebted to Dr. F. M. Hemphill for his 
assistance with the calculations. 
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rarely effective in the intact animal where 
chemical interference with virus is usually 
accompanied by the inhibition of some meta- 
bolic process essential to the well being of the 
host. Although efforts to affect the infection 
of monkeys with Brunhilde type poliomyelitis 
have been discouraging, some success has been 
achieved against the Lansing strain of polio- 
myelitis virus in mice(2,8-11). These results 
suggest that where survival is the criterion 
of effect, some advantage is gained in experi- 
mental chemotherapy with inhibitors which 
act upon the essential cellular metabolism. 
While the primary effect of fluoroacetate is 
a blockage of the oxidation of citric acid, the 
secondary effect is probably a temporary de- 
pletion of certain free amino acids of the cells 
which are diverted to citrate formation(12). 
It is through these secondary effects that one 
would expect viral development to be influ- 
enced(13). Since the duration of the effect 
of fluoroacetate in animals is short, and since 
in the present studies it was administered 
several days before virus could reach the 
central nervous system, its influence was 
probably directed upon some extraneural 
tissue which was important in the initiation of 
the infection. Furthermore, the data regard- 
ing citrate accumulation indicate that the 
levels of fluoroacetate employed in these ex- 
periments did not affect the brain. This find- 
ing concurs with more extensive studies(5,6) 
in other laboratories which have shown that 
the primary and secondary effects of fluoro- 
acetate are not uniform in all tissues of the 
same species or in different species(14). This 
is in direct opposition to the conclusions on 
this subject reached by Mogabgab and Hors- 
fall(15) who assumed that all tissues re- 
spond uniformly to the drug and concluded 
that the oxidation of citrate was a reaction 
unimportant to the development of influenza 
virus. Additional evidence of an extraneural 
effect of fluoroacetate is seen in the finding 
that the period of viremia is markedly reduced 
in monkeys treated with this compound (16). 


More extensive examination of tissues af- 
fected by fluoroacetate should reveal vital 
information of the pathways and sites of viral 
multiplication. 

Summary. 1. Cynomolgus monkeys were 
treated with 5 mg/kilo of sodium monofluoro- 
acetate on the day of, or 3 days following, 
subcutaneous inoculation of Type 1 polio- 
myelitis virus. 2. Nine of 42 monkeys which 
received drug on the day of virus resisted 
clinical infection as did 5 of 23 animals re- 
ceiving drug on the third day after virus. 
All control animals became paralyzed. 3. 
Citrate did not accumulate in brain tissue of 
drug-treated monkeys suggesting that the 
action of fluoroacetate was at some site other 
than the brain. 4. The significance of these 
findings is discussed. 
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Coproporphyrin Studies in Children. I. Urinary Coproporphyrin Excretion 


in Normal Children.* 
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(Introduced by H. L. Blumgart.) 


From the Department of Pediatrics, Harvard Medical School, and the Pediatric Service, 
Beth Israel Hospital, Boston, Mass. 


As a result of studies by Watson and 
associates(1), urinary coproporphyrin excre- 
tion has been found to be abnormal in many 
clinical conditions. In children, it is elevated, 
not only in congenital porphyria(2-4), but 
also in liver disease(5-7), lead poisoning 
(8-10), poliomyelitis(11), and blood dyscra- 
cias(12). Many of the disturbances of blood 
formation and hemoglobin synthesis seen 
characteristically in this age group will prob- 
ably ultimately be found to be related to 
change in coproporphyrin metabolism(13). 
Schwartz and coworkers(14) have presented 
an improved method for measuring urinary 
coproporphyrins. By modifications including: 
(a) maintenance of a neutral or alkaline urine 
during the period of collection, (b) conversion 
and measurement of coproporphyrin precur- 
sor, (c) more efficient extraction, and (d) 
more efficient fluorimetry, a 3-fold increase 
of the average 24-hour value has been ob- 
tained by the new method as compared with 
the former “long method’(15). Zieve and 
his coworkers(16) have found that the mean 
coproporphyrin excretion for a group of 685 
normal men was 189 + 59 wg per day. 
There appeared to be a sequential increase in 
average coproporphyrin excretion as the cus- 
tomary alcohol intake increased in_ these 
men. 

The purpose of the present report is to de- 
fine the limits of 24-hour urinary copropor- 
phyrin excretion in normal children as deter- 
mined by the improved procedure. Subse- 
quent reports will show the changes of urin- 
ary coproporphyrin excretion in various dis- 
eases in children. 

Methods and materials. The main group 
of subjects studied consisted of 94 normal 
boys aged 6 to 16. All were residents in a 
summer camp for boys during the month of 


* Aided by grants from the M&R Dietetic Labora- 
tories and the Playtex Park Research Institute. 


July. All were pronounced healthy by 
physical examination at the time of study and 
none had any history of serious illnesses in the 
past. All of the urines were collected over the 
same 24-hour period while the subjects were 
on the same diet and pursuing approximately 
the same amount of activity. None of the 
subjects consumed alcohol. Two other groups 
of subjects were studied in essentially the 
same manner: (1) normal adults, and (2) 
normal children under 6 years of age. The 
latter group was made up of healthy children 
of counsellors and physicians who were not 
campers. These two groups were included 
to provide a composite picture of the urinary 
coproporphyrin excretion in all age groups. 
The urinary coproporphyrin was determined 
by the method of Schwartz et al.(14). The 
urines were collected in colorless bottles con- 
taining 5 g of sodium carbonate and they 
were stored at 4°C. With this method of 
storage, the coproporphyrin content remained 
unchanged as long as 3 months after the col- 
lection and initial determination. Duplicate 
5 ml aliquots were taken from the 24-hour 
urine samples and used for determination. 
The coproporphyrin in the test samples was 
determined fluorimetrically with a Calectron 
fluorimeter? employing a photomultiplier tube 
and with the Corning No. 5543 as the 
primary filter and Corning No. 2418 as the 
secondary filter. Values were determined 
from a standard curve obtained from a series 
of coproporphyrin solutions of known concen- 
tration.+ 

Results. The urinary coproporphyrin ex- 
cretion in children on the basis of age is 
shown in Fig. 1. Similar data plotted on the 
basis of body weight are shown in Fig. 2, and 
for surface area in Fig. 3. 

The data are divided into groups and sum- 


+ Manufactured by’ Calectron, Inc., St. Paul, Minn. 
+ Kindly supplied by Samuel S. Schwartz, M.D. 
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marized in Table I. 

Discussion. From data on coproporphyrin 
excretion on successive days in a number of 
normal adults, Strait(17) has noted that there 
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exists a simple relationship between the weight 
of the subject and the mean value of copro- 
porphyrin excretion. He felt that the total 
urinary coproporphyrin excretion reflects pri- 
marily an endogenous metabolic function and 
that the coproporphyrin excretion fits more 
closely the relationship of body weight to 
blood volume than the relationship of body 
weight to surface area, the well known basal 
metabolic rate function. In studies with a 
small group of children, he found that their 
coproporphyrin excretion also depended on 
weight, but did not fit the extrapolated linear 
relationship described for the adults. In- 
stead, the weight-coproporphyrin function for 
children may require an exponent of the 
weight somewhat greater than unity for the 
extrapolated fit. 


Although the urine collections were not 
made over a number of days in each indi- 
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FIG. 3. Urinary coproporphyrin excretion in normal boys based upon body surface. The black 
line above represents one S.D. above the mean and the black line below represents one S.D. below 
the mean. 
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TABLE I (A). Mean Coproporphyrin Exeretion 
of Boys 6 to 16 Years Based upon Age. 


Mean copro. 


Years No. excr., ug/24 hr 8.D. 

<6 yr* 4 41.7 14.9 
6to0 7~* Limo 14 38.4 16.5 
et | ABU I 24 50.6 18.6 
EL QM cial el eco ea 20 56.3 30.2 
he alesse oe ake 20 56.2 31.5 
Viz Wear abaya eile 16 75.2 27.0 
Adults* 9 145.5 63.6 


* The under 6 years and adult group are included 
to show composite picture of coproporphyrin ex- 
cretion at all ages. 


TABLE I (B). Mean Coproporphyrin Excretion 
of Boys Aged 6 to 16 Based upon Body Weight. 


Mean copro. 


Wt, lb No. exer., ug/24 hr SD) 
41- 60 12 38.5 Wieo 
61- 80 22 47.4 19.5 
81-100 ALT 48.5 23.6 
101-120 22 62.8 29.4 
121-170 21 66.2 32.8 


TABLE I (C). Mean Coproporphyrin Excretion 
of Boys Aged 6 to 16 Based upon Body Surface 
Area. 


Body surface, Mean copro. 


sq. meter No. exer., wg@/24 hr S.D. 

.75-1.0 16 41.8 16.1 
1.01-1.25 25 26.4 16.1 
1.26-1.50 28 61.1 29.1 
1.51-1.75 if 54,4 26.4 
1.76-2.0 8 92.4 28.6 


vidual as recommended by Strait, the data in 
general appear to confirm his concepts. Ex- 
amining first the changes of coproporphyrin 
excretion on the basis of age, one is impressed 
by the moderate rise prior to the age of 6 
and 7, the levelling off during the next 6 
years, and the rapid rise during puberty and 
adolescence. This closely parallels the 
changes in body weight in normal boys and 
is confirmed by the steady rise of copropor- 
phyrin when correlated with body weight as 
shown in Table I(B). Surface area did not 
appear to correlate as satisfactorily as weight. 
It would appear on the basis of these data 
that the best criterion for defining abnormal 
urinary coproporphyrin excretion in children 
would be in cases where the 24-hour collection 
is twice the standard deviation above the 


mean for the group the individual belongs to 
by weight. 


Summary. 1. The urinary coproporphyrin 
excretion on 24-hour urine collections has been 
determined on a group of normal healthy 
boys aged 6 to 16 by the new improved 
method. 2. The urinary coproporphyrin level 
correlates closer with body weight than with 
age or surface area. 3. The urine copropor- 
phyrin excretion in children is probably ab- 
normal if the determination in a 24-hour col- 
lection is twice the standard deviation above 
the mean for the group the individual belongs 
to by weight. 


The authors wish to acknowledge the kind co- 
operation of Dr. Joel Bloom, Director of Camp 
Powhatan, and the technical assistance rendered by 
Vera Kantor, R.N., James Rose, Martin Rose, and 
James Mongiello. 
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Inhibition of a Biotinless Mutant of Escherichia coli by Purines 
and Pyrimidines.* 


(20795) 


MAGDALENA BERGER AND Henry A. LARDY. 


From 


It is well known that the biotin require- 
ment of certain microorganisms can partially 
be replaced by aspartic acid(1), oleic acid(2), 
or a combination of these two substances 
(3,4). For Lactobacillus arabinosus, oxalace- 
tate effectively replaces aspartate but other 
members of the Krebs cycle do not(5). For 
the “biotinless” mutant, Escherichia coli 58, 
which is an aerobic organism, a variety of 
four carbon dicarboxylic acids are effective 
in partially replacing the requirement for 
biotin(6). These observations led to the 
conclusion that biotin is involved in the syn- 
thesis of 4 carbon dicarboxylic acids from 
pyruvate and carbon dioxide(5,7,8). It has 
been postulated that biotin also plays a role 
in purine synthesis since biotin-deficient rats 
fix less CO, into their tissue guanine than do 
normal rats(9). When experiments were con- 
ducted to determine the biotin-sparing action 
of purines and pyrimidines for E. coli 58 it 
was found that these substances were in- 
hibitory. In the presence of biotin, however, 
the purines and pyrimidines did not inhibit 
growth of the mutant and they were likewise 
innocuous toward the parent wild type £. 
COU, Kel? 

Experimental. Escherichia coli 58,+ (Gray 
and Tatum(10)) was carried on nutrient agar 
slants to which biotin was added (0.3 my 
per 10 ml slant). The slants were incubated 
at 37°C for 20-24 hours. The basal experi- 
mental medium(11) contained K2HPO, 7 g, 
KH.2PO, 2 g, (NH4)2SO, 1 g, Na citrate 0.5 
g, and MgSO, 0.1 g per liter. Growth experi- 
ments were conducted in Evelyn tubes. One 
ml of sterile 1% glucose was added to each 
tube containing 9 ml of the autoclaved basal 
medium. All additions were made at the 


* This investigation was supported by a research 
grant from The National Institutes of Health, Pub- 
lic Health Service, and by a grant from the Uni- 
versity Research Committee. 

+ Kindly supplied by Dr. J. Lederberg of the 
Genetics Department. 


the Department of Biochemistry, College of Agriculture, University of Wisconsin. 


expense of the basal medium. The tubes were 
inoculated with two drops of a cell suspension 
(adjusted to give a galvanometer reading of 
91-93 with the Evelyn colorimeter, filter 620), 
made from 20-24-hour slants. Incubation was 
at 37°C without shaking. The amount of 
growth was measured in the Evelyn colori- 
meter using a 620 filter and setting the un- 
inoculated tube at 100. Readings were taken 
after 20-24 hours incubation except in the 
growth curve experiments where readings were 
made at several intervals from 10-144 hours. 
The results are expressed as per cent of maxi- 
mum growth calculated from density values. 
The positive control containing the basal 
medium and biotin was taken as 100%. The 
results reported represent averages of dupli- 
cate tubes. All experiments were repeatedly 
confirmed. The average per cent transmission 
value of the negative control (basal medium) 
was 95, of the positive control (basal medium 
+. biotin) was 70, ard that of the basal 
medium + aspartic acid was 82. The purine 
and pyrimidine compounds were obtained 
from the following companies: adenylic acid 
a and b, adenosine, adenine, thymine, guanine, 
and xanthine from Schwarz Laboratories; 
adenosine-5-phosphate, Bischoff; cytosine, 
Dougherty Chemicals; uracil, Eastman Kodak 
Co.; hypoxanthine, Nutritional Biochemicals 
Co. The free bases and nucleosides were 
autoclaved with the medium; nucleotides were 
sterilized by filtration and added to the tubes 
just before inoculation. 

Results. The biotin requirement of E. coli 
58 can be partially replaced by aspartic acid, 
the 4-carbon dicarboxylic acids, a-ketoglu- 
tarate or citrate(6). When attempts were 
made to improve growth of this organism in 
the absence of biotin by further supplementing 
the medium with other metabolites, it was 
found that purines and pyrimidines were in- 
hibitory in biotin-free media but not in the 
presence of biotin. 

As shown in Fig. 1, very low concentrations 
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FIG. 1. Effect of adenine on the growth of #. coli 58. 


The tubes contained: 


1 Basal medium + 1 mg/ml DL-aspartic acid. 


idle succinic acid. 
Wnt fe? a-ketoglutaric acicl. 
IV. + 0.2 my/ml biotin. 


V. Basal medium. 


uf adenine (10° M), added to media con- 
taining aspartate, depressed growth to the 
level achieved on the basal medium. Some 
variation in the amount of inhibition at 
higher levels of adenine was observed. When 
growth was supported by supplementing the 
basal medium with succinate or a-ketoglu- 
tarate, the biotinless mutant was less sensitive 
to adenine although higher concentrations of 
the latter were inhibitory. Adenine did not 
inhibit growth when biotin was supplied 
(IV, Fig. 1). In other experiments, adeno- 
sine, adenosine-3’-phosphate (veast adenylic 
acid isomer b), adenosine-5’-phosphate and 
adenosinetriphosphate inhibited growth of 
the biotinless mutant to about the same extent 
as an equimolar quantity of adenine. Nearly 
complete inhibition was obtained with 6 x 10+ 
M concentrations of the nucleotides. With 
the exception of adenosinetriphosphate, these 
compounds were more strongly inhibitory in 
aspartate-containing media than in media 
containing succinate, malate or a-ketogluta- 
rate. Adenosinetriphosphate inhibited growth 
even when succinate or a-ketoglutarate were 


added to replace, partially, the biotin require- 
ment. Biotin overcame the inhibitory effect 
of adenosine and its derivatives for E. coli 58. 
These compounds did not depress the growth 
of EF. coli K 12.  Adenosine-2’-phosphate 
(yeast adenylic acid isomer a) did not in- 
hibit growth of the biotinless mutant, but did 
not reverse the inhibition by adenine even 
when added at concentrations 10 times higher 
than adenine. 

The effect of hypoxanthine is shown in 
Fig. 2. Inhibition was pronounced in media 
in which aspartate partially replaced the 
biotin requirement. When this partial re- 
quirement was met by succinate (II, Fig. 2) 
or a-ketoglutarate (III, Fig. 2), inhibition by 
hypoxanthine was negligible. 

Fig. 3 presents the effect of uracil, cytosine, 
thymine, and xanthine on the growth of 
E. coli 58. A concentration of 10% to 10° 
M of either uracil or cytosine brought growth 
down to the level attained on the unsupple- 
mented basal medium. Higher amounts of 
thymine (10+ M) had to be added to cause 
significant inhibition and the concentration of 
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PIG. 2. Effect of hypoxanthine on the growth of LV. coli 58. 
The tubes contained: 
I. Basal medium + 1 mg/ml DL-aspartie acid + hypoxanthine. 
at +] : succimie acid + hypoxanthine. 
III. aie a-ketoglutarie acid + hypoxanthine. 
IV. + 0.2 my/ml biotin. 
V. Basal medium. 


xanthine had to be raised to 10 M before a 
similar effect was obtained. The data pre- 
sented in Fig. 3 are from experiments in 
which the biotin requirements of the organism 
were partially replaced by aspartic acid. In 
two experiments in which the biotin require- 
ments were partially replaced by succinic or 
a-ketoglutaric acid, uracil, cytosine, thymine, 
and xanthine at concentrations of 10° to 
10? M depressed growth only slightly. 

Additions of guanine failed to inhibit 
growth of #. colz 58 in the various media; 
however, owing to the great insolubility of 
guanine at a neutral pH, this substance could 
not be compared on an equimolar basis with 
the other inhibitors. Combinations of guanine 
and various pyrimidines did not reverse the 
inhibiting effect of adenine. None of the 
purine or pyrimidine bases inhibited growth 
of the wild type Z. coli, K 12, when grown on 
either the basal medium or with supplements 
of aspartate or succinate. 

Rates of growth of EZ. coli 58 up to 144 
hours incubation are shown in Fig. 4. Both 
the rate of growth and the total growth 


finally achieved in media containing aspartate 
were depressed by adenine. The addition of 
biotin reversed both effects. 

It has been consistently observed that in 
the basal medium and in the basal + aspartic 
acid, a secondary rapid growth phase takes 
place after the stationary phase has been 
reached. The suggestion that the mutant is 
able to synthesize some biotin after prolonged 
incubation was confirmed by assay((6) Lac- 
tobacillus arabinosus) of the cells grown in 
biotin-free media. Subcultures from these 
tubes, however, retain their biotin require- 
ment. 

Discussion. There are several plausible 
explanations of the inhibitory effect of purines 
and pyrimidines on the biotinless mutant of 
E. coli, but no logical explanation can be 
offered for the greater inhibition by these 
compounds in the presence of aspartate as 
compared with succinate ‘or a-ketoglutarate. 
It is possible that the purines and pyrimidines 
inhibit by competitive interference with nor- 
mal intermediary metabolites, for example, in 
the elaboration of the nucleotide units(12,13) 
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FIG. 3. Effect of uracil, cytosine, thymine and xanthine on growth of #. coli 58. 
The tubes contained: 


I. Basal medium + 1 mg/ml DL-aspartie acid + uracil. 


THe, + cytosine. 
nati + thymine. 
We + xanthine. 
We + 0.2 my/ml biotin 


(plus any of the above purines or pyrimidines). 
VI. Basal medium. 


which participate in nucleic acid synthesis. 
Pierce and Loring(14) have reported that 
adenosine inhibits growth of a pyrimidine- 
deficient mutant of Neurospora and that 
uridine and cytidine reversed the inhibitory 
effect. In the present work no such reversal 
could be obtained. 


An inhibitory effect of adenine, guanine, 
and uracil on the growth of Streptococcus 
faecalis in the absence of serine was reported 
by Holland and Meinke(15). The inhibition 
could also be reversed by adequate levels of 
folic acid and in this respect is somewhat 
analogous to the one reported here. 


sd SESE} ee 
20 40 60 80 100 120 140 Summary. The growth of the biotinless 
TIME (HOURS) mutant, Escherichia coli 58, ina medium con- 
FIG. 4. taining aspartic acid to replace partially the 
Inhibition of growth of E. coli 58 by adenine. biotin requirement, was inhibited by adenine, 
The tubes contained: adenosine, adenosine-3’- or 5’-phosphate, ATP, 
I Basal medium. 


is Basal medium + 1 mg/ml DL-aspartie acid. uracil, CUNO ES hypoxanthine, and, toa lesser 
III. Basal medium + 1 mg/ml DL-aspartic acid e€Xtent, by thymine and xanthine. Adenosine- 
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V. Basal medium + 0.2 my/ml biotin. was added to the growth medium of strain 58, 
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nor were they inhibitory to the parent strain 
E. coli K 12 which does not require biotin. 
When succinate or a-ketoglutarate, instead of 
aspartate, were added to the basal medium, 
adenine and its derivatives were less inhib- 
itory and the other purines and pyrimidines 
did not significantly inhibit the growth of the 
biotinless mutant. 
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Effects of Growth Hormone upon Erythropoiesis in the Hypophysectomized 


iRat.* 


(20796) 


GEORGE J. FRUHMAN, ROBERT GERSTNER,t AND ALBERT S, GORDON. 
From the Department of Biology, Washington Square College of Arts and Science, 
New York University, N. Y. City. 


Chronic treatment with the growth prin- 
ciple fails to prevent(1-5) or overcome(6) the 
anemia characteristic of the hypophysecto- 
mized rat. Despite this lack of influence upon 
the peripheral blood values, two of the above 
groups of investigators(1,6) have found that 
somatotrophin (STH) induces considerable 
repair of the hypoplastic marrow of the hypo- 
physectomized rat. The present research was 
undertaken to determine, in more detail, the 
influence of STH upon erythropoiesis and to 
uncover the cause for the discrepancy ob- 
served between the behavior of the peripheral 
blood and bone marrow elements. 


Materials and methods. Twelve male rats 


* Work supported by a grant-in-aid from the 
American Cancer Society upon recommendation of 
the Committee on Growth of the National Research 
Council. 

+ Present address: Dept. 
Dentistry, N. Y. University. 


Anatomy, College of 


of a modified Long-Evans strain, hypophysec- 
tomized 2 months previously and weighing 
150-200 g at the beginning of the experiment, 
were employed. They were fed a complete 
laboratory ration and kept at temperatures 
of 70-80°F. Six of the rats received daily 
subcutaneous injections, for 7 days, of one mg 
of the Raben-Westermeyer(7) STH prepara- 
tion? dissolved in 0.2 cc water acidified with 
0.1 N HCl to pH 3.0. The 6 control hypo- 
physectomized animals were injected with 0.2 
cc acid water for the same period of time. 
Hematologic analyses were conducted shortly 
before and at the termination of the 7-day 
period. Reticulocyte counts were made from 
wet mounts stained with brilliant cresyl blue. 
One thousand cells were counted for each 
determination. Quadruplicate hematocrit val- 


+ We are indebted to Dr. William Kleinberg, 
Princeton Laboratories Inc., Princeton, N. J., for the 
generous supplies of STH(G25-H) furnished. 


94 GrRowTH HORMONE AND ERYTHROPOIESIS 


ues for heparinized blood, spun at 7000 RPM 
for 15 minutes, were obtained by a capillary 
micromethod. At the termination of the ex- 
periment, the rats were anesthetized with 
ether and exsanguinated, as fully as possible, 
by cardiac puncture. The volume of blood 
withdrawn from each animal was recorded. 
The femora and tibiae were dissected, cracked 
open and the bone marrow removed and 
pooled. The tissue was prepared in suspen- 
sion form in homologous serum by drawing 
it up and down gently with a pipette. Smears 
were made and treated by Ralph’s technic(8) 
using Harris’ hematoxylin as a counterstain. 
With this method, the cytoplasm in both the 
mature red cells and the nucleated erythro- 
cytes, in various stages of development, ap- 
pears distinctly golden in color because of the 
specific staining of hemoglobin. The use of 
Harris’ hematoxylin, as a nuclear stain, serves 
further to distinguish between the nucleated 
erythrocytes and the other marrow elements. 
Giemsa-stained smears were also prepared. 
At least 500 cells were counted for each ani- 
mal to determine the percentages of nucleated 


TABLE I. Effects of Growth Hormone upon 
Erythropoiesis and Organ Weights of Hypoph- 
ysectomized Rats (Means + Standard Errors). 


STH Acid water 12% 
Changeinwt +21.3+ 1.43 —4.8+ 13 <.001 
(g) 
Reticul. (%) 3.82 261 10+ 14 OOL 
Marrow nue. 18.4+ 2.61 9.2+ 1.1 007 
RBC (%) 
Change in hem- —4.2+ 1.1 —1.7+ 1.3 A) 
atoc. (%) 
Vol. §f drawn 50+ .91 3.2+ .52 083 


blood’? (ml) 


Thyroid wt (mg)t 8.7+ .73 6.8+ .64 062 

Adrenal ” 3 11.7+ 1.62 9.4+ 35 6244 

Seminal vesic. 45.1+ 1.76 44.94 3.63 >.80 
wt (mg) 

Thymus wt 234 +27.7 156 +37.1 083 
(ng) 

Spleen wt (mg) 688 +61.4 409 +29.2 002 


*P is calculated from the distribution of Fish- 
er’s t. Values less than 0.05 have been considered 
significant. 

+ One of the 6 animals treated with STH and 
included in the table may have been partially 
hypophysectomized. It possessed a larger body wt 
and, at the time of sacrifice, its thyroid and 
adrenals weighed 11 and 19 mg respectively. The 
remainder of its values, however, fell within the 
range of the other 5 STH-injected rats. 


erythrocytes. The humeri were fixed in 
Helly’s fluid, decalcified by a formic acid-ion 
exchange resin preparation (Win-3000), sec- 
tioned in paraffin at 10 » and stained with 
hematoxylin and eosin. 

Results. Evidence is presented in Table I 
that STH stimulates erythropoiesis in the 
hypophysectomized rat. Thus significant 
reticulocytosis and increases in the percent- 
ages of nucleated marrow erythroid elements 
are apparent after a week’s treatment with 
this agent. The marked reparative influence 
of STH upon the bone marrow structure of 
the relatively long-term hypophysectomized 
rat is evident from Fig. 1-4, inclusive. De- 
spite these significant effects upon the mar- 
row, the hematocrit values remain at the low 
level seen in untreated or in the acid water- 
injected controls. 

In Table I are also indicated the significant 
body weight gains displayed by the animals 
treated with STH. It is of interest that the 
Raben-Westermeyer preparation, in the dos- 
age given, does not affect significantly the 
weights of the thyroid, adrenals, seminal 
vesicles and thymus. Splenic weights, how- 
ever, are elevated with this treatment. 

At the termination of the experiment, it was 
found that consistently greater volumes of 
blood could be aspirated by the same investi- 
gator (GJF) from the rats injected with STH 
than from those given the acid water. The 
difference in mean values, however, is just 
outside the selected P <0.05 limits of sig- 
hificanee: (P == 0:08). 

Discussion. The present experiments indi- 
cate that the Raben-Westermeyer preparation 
of STH, possessing little or no gonadotrophic, 
corticotrophic or thyrotrophic hormone activ- 
ity in the dosages used, exerts a significant 
erythropoietic effect in the long-term hypo- 
physectomized rat. It remains to be deter- 
mined whether this influence is a specific one 
imparted directly to the marrow or is merely 
a reflection of the capacity of STH to aug- 
ment the food intake, thereby increasing the 
nutritional status of the animal. 

The apparent lack of response to STH of 
the peripheral red cell numbers, hematocrit 
and hemoglobin values, as noted by others 
and in this report, is probably a reflection of 
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FIG. 1. Humeral bone marrow section of hypophysectomized rat treated daily for 7 days with 


1 mg STH dissolved in 0.2 ce acid water. Considerable repair of post-hypophysectomy hypo- 


plasia is observed (cf Pig. 2). 


Helly fixation, hematoxylin-eosin. 


« 140. 


FIG. 2. Humeral bone marrow section of hypophysectomized rat treated daily for 7 days with 


0.2 ce acid water. 


Helly fixation, hematoxylin-eosin. 140. 


No effect is apparent upon the typical post-hypophysectomy hypoplasia. 


FIG. 3. Bone marrow smear from hypophysectomized rat treated daily for 7 days with 
1 mg STH dissolved in 0.2 ce acid water. Note greater concentration of nucleated erythrocytes 


(darkly stained) compared to Fig. 4. Benzidine, Harris’ hematoxylin preparation. 
Bone marrow smear from hypophysectomized rat treated daily for 7 days with 


FIG. 4. 


X 695. 


0.2 ce acid water. Concentration of nucleated erythrocytes is considerably less than that ob- 


served in Fig. 3. Benzidine, Harris’ hematoxylin preparation. 


the ability of this hormone to augment the 
plasma volume, a phenomenon observed strik- 
ingly in the hypophysectomized dog(9). It 
appears to be of sufficient intensity in the rat 
to obscure the rise in peripheral red cell 
values that might be anticipated from the 
observed erythropoietic action of the hormone. 
In view of the strong reticulocytosis evoked 


xX 695. 


by STH, it is unlikely that it acts by inhibit- 
ing the release of erythrocytes from the 
marrow. 

Support for the contention that an increase 
in plasma volume has occurred in the rats 
receiving STH is derived from the present 
observations that larger quantities of blood 
are obtainable from the hearts of these ani- 
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mals at the time of sacrifice. In this con- 
nection, the experiments of Lippman(10) 
have indicated that “drawn blood” values are 
a reflection of the actual blood volume levels. 
Also in line with the concept of a plasma 
volume change is the finding that a significant 
rise occurs in red cell counts and hemoglobin 
values within a few days following cessation 
of STH treatment in the hypophysectomized 
rat(6). 


Summary. Administration of STH to hy- 
pophysectomized rats results in peripheral 
reticulocytosis and increases in the percent- 
ages of nucleated erythroid elements within 
the bone marrow. Considerable repair of the 
hypoplastic marrow is induced by this agent. 
A rise in peripheral erythrocytic values fails 
to occur probably because of a concomitant 
increase in plasma volume. 
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Infrared Spectroscopy of Liver Glycogen in Normal and Irradiated Adult 


and Fetal Rats.* 
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From the Divisions of Biochemistry and Neuropathology, Philadelphia General Hospital.t 


Previous studies(1) on rabbits demon- 
strated infrared absorption spectra of liver for 
the region 1-15 ». Two types of absorption 
bands were found within 2 different intervals 
of that region: 1. Bands below 8.1 4, which 
were very similar to those of the common 
“protein polyamide” vibrations(2) and occur 
not only in liver but in all other tissues 
(3.04 » NH stretching, 3.4 » CH stretching, 
6.0 » CO stretching, the deformation vibration 
of NH at 6.44 p, the deformation vibration of 
CH at 6.84 », the CH 3 vibration at 7.26 yp, 
and an unassigned band at 8.1 »). 2. Bands 
between 8.1 » and 11 » which have been 
shown to be characteristic for liver tissue, 
“fingerprint bands” (double bands at 9.70- 


* This work was carried out under contract with 
the U. S. Atomic Energy Commission. 

t Acknowledgement is gratefully made for the co- 
operation of Dr. B. P. Widmann and members of the 
staff of the Division of Radiology. 


9.64 » and 9.23 »). It was also noted that 
after 2-3 days starvation followed by insulin 
shock, one of the characteristic double bands 
at 9.70-9.64 , disappeared, while the other 
at 9.23 w remained, although greatly reduced 
in strength. 

The present paper reports differences in 
infrared spectroscopic findings in the liver of 
adult and fetal rats, definite assignment of 
one characteristic band to glycogen, and spec- 
troscopic studies of the effect of ionizing ir- 
radiation on liver glycogen in adult and fetal 
rats. 

Materials and methods. Female albino rats 
of about 200 g were used for all experiments. 
Fetal livers were obtained in the 2nd-3rd 
week of development. Animals were kept for 
about one week on a balanced diet ad libitum, 
and then examined either non-fasted, fasted 
for 24 hours, or after feeding various sugars 
by stomach tube 4 hours preceding the ex- 
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periment. When tube feeding was employed 
the tube was passed under light nembutal 
anesthesia on both experimental and control 
animals. All experiments were timed to take 
place at approximately 1 P.M. The animals 
were killed by decapitation and the livers 
quickly removed and frozen. For spectro- 
scopy, frozen sections of 25-50 » thickness 
were prepared, placed upon silver chloride 
plates and dried at low temperature. Histo- 
logic studies ruled out the possibility of com- 
plicating disease. The irradiation experiments 
comprised administering a single dose of total 
body irradiation of 600-19000 r to non-preg- 
nant animals and of 150-400 r to pregnant 
animals. The technic of x-ray irradiation has 
been described elsewhere(3). Adult non- 
pregnant animals were sacrificed one or 2 days 
after the irradiation, fetuses 24 hours after 
maternal irradiation. The method of infra- 
red spectroscopy of frozen and dried tissue 
sections has been described(4). For semi- 
quantitative estimate of the substances pro- 
ducing the characteristic band of liver tissue, 
ratios of optical densities of this band and a 
“protein vibration,” e.g., the deformation 
vibration of NH at 6.44 », were determined. 
Since such ratios between optical densities of 
unknown to internal standard are independent 
of thickness of sections according to Beer’s 
law, they can be used for estimations in sec- 
tions of varying thicknesses. 

Results of qualitative infrared spectroscopy 
of adult and fetal liver tissue. The upper 
part of Fig. 1 gives transmittancy curves 
which were obtained from sections of about 
the same thickness (50 ») of adult and fetal 
liver from non-fasted rats and from films of 
commercial glycogen. 

The spectra of both adult and fetal liver 
show 2 different types of absorption bands 
similar to those found in rabbits, e.g., “protein 
polyamide” vibrations below 8.1 » and strong 
characteristic double bands at 9.70 p-9.60 p, 
and 9.23 », and weaker bands at 8.65 py. 
Still weaker bands at 10.30 » and 10.70 p 
were seen in most of the spectral recordings, 
but do not appear regularly in the illustra- 
tions. Close inspection of the transmittancy 
curves indicates distinct differences between 
spectra of adult and fetal liver. The most 
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FIG. 1. Comparison of infrared absorption spectra 

of adult and fetal liver tissue and commercial gly- 

cogen (upper curves); effect of extraction with 

cold 10% trichloracetic acid on spectra of fetal 
liver (lower curves). 


characteristic band of the tissue spectrum is 
located at somewhat lower wavelength in adult 
liver (9.60 ») than in fetal liver (9.70 ,). 
The relative strength of those ‘specific bands” 
is always weaker than the strength of the 
“protein bands” at 6.44 » in adult liver while 
it is almost equal or even stronger in fetal 
liver. 

Assignment of characteristic bands of the 
liver spectrum. Glycogen is known to be 
contained in liver tissue in so high concentra- 
tion that it seemed reasonable to investigate 
its role in producing the characteristic liver 
spectra. Comparison of the liver spectrum 
above 8.1 » with the corresponding spectrum 
of commercial glycogen (upper part of Fig. 
1) shows the great similarity of both spectra. 
Spectra of fetal liver and glycogen show iden- 
tically located bands at 8.65 mw, 9.23 pw, and 
9.70 uw. Spectra of adult liver show similar 
locations of bands with the exception of the 
characteristic double band which is found at 
somewhat lower wavelength (9.60 ,). 


98 INFRARED SPECTROSCOPY OF LIVER GLYCOGEN 


Extraction of mounted dried liver sections 
with either cold or hot chloroform, or cold or 
hot ethanol did not significantly affect the 
characteristic bands thus precluding any im- 
portant contributions to the spectrum by 
lipids. Extraction of liver sections with cold 
10% trichloracetic acid, on the other hand 
altered the spectra decisively. One of the 
characteristic double bands (9.70 p-9.60 ») 
was either completely absent or greatly re- 
duced and the other at 9.23 » although pres- 
ent, was much weaker after the extraction. 
The lower part of Fig. 1 demonstrates this 
effect of the extraction on a fetal liver section. 
The illustration, in addition, shows that the 
extraction, which so greatly changes the 
characteristic bands of liver tissue above 8.1 
», does not affect the strength of the protein 
bands below 8.1 p. Acid soluble phosphates 
which have weak absorption bands in the 
9-10 « region(5) are contained in liver in too 
small concentration to make any detectable 
contribution to the spectrum. It is, therefore, 
reasonable to assume that the trichloracetic 
soluble substance is glycogen, since only gly- 
cogen appears to have all 3 necessary quali- 
ties, e.g., identical infrared spectra, sufficient 
tissue concentration, and solubility in cold tri- 
chloracetic acid. Additional proof for the 
assignment of the described infrared bands to 
glycogen has been obtained by comparing the 
liver spectra of adult fasted rats. with liver 
spectra of animals given sugar after fasting 
and further comparsion of such spectra with 
glycogen (Fig. 2). 

The liver spectrum of the fasted rat as a 
whole resembles that of liver extracted with 
cold trichloracetic acid, which has been con- 
sidered to be practically glycogen-free. The 
liver spectrum of the sugar-fed rat, on the 
other hand showed the characteristic glycogen 
bands previously described except for slight 
variations in location of the strong specific 
band which was found at about 9.65 » after 
sucrose and at 9.61 » after glucose feeding. 
Contribution of glycogen to the liver spectrum 
of sugar-fed rats is even more suggested from 
difference curves which have been obtained 
by deduction of the absorption of “fasted 
liver” from the liver spectrum of the sugar- 
fed animals. The characteristic 8.1-11  re- 
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of fasted and sugar fed litter mates and commer- 
cial glycogen. 


gion of such a difference curve (interrupted 
line) closely resembles a transmittancy curve 
of glycogen. 

The results of the assignment study 
strongly suggest that the characteristic strong 
band of normal liver (9.70 p-9.60 ») is pro- 
duced by glycogen. The band at 9.23 p» is not 
caused by glycogen alone, but in part by vi- 
brations of other substances. Almost com- 
plete disappearance of the 9.23 » band after 
extraction of liver with hot trichloracetic acid 
indicates that it is produced in part by nucleic 
acids which have medium strong bands at that 
wavelength(6). The finding that the strong- 
est band of glycogen in the 8.1-11 » region is 
constantly observed at 9.70-9.60 » in liver 
tissue is of practical importance. This “‘spe- 
cific band” of the liver spectrum is distant 
enough from the “mixed band” at 9.23 » that 
significant variations of its strength and lo- 
cation deserve careful consideration. 

Semiquantitative estimation of liver glyco- 
gen. Ratios between optical densities of the 
glycogen bands at 9.70-9.60 » and optical 
densities of the “protein bands” at 6.44 p 
(designated as K values) have been used for 
semiquantitative estimation of the relative 
glycogen content of liver. With thickness of 
frozen sections kept at about 25 yp, it has been 
possible to obtain accurate measurements of 
bands and to calculate significant K values 
in dried rat liver sections with the exception 
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TABLE I. Quantitative Estimations in Liver Tissue. 
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of those from fasted adult rats. In this in- 
stance, when K values were calculated for 
exactly 9.70 » though no glycogen band was 
detectable, the values are not a measure of 
glycogen, but caused mainly by non-specific 
absorptions and energy losses from reflection 
and scattering. These K values of adult 
fasted rats are given only to show the order of 
magnitude and relative constancy of the un- 
specific factors involved in the semiquantita- 
tive glycogen estimations. No attempt at 
correction of K values for those factors was 
made since it is thought that such a correction 
would not improve the relative value of our 
estimations except in the case of very small 
glycogen contents. This spectroscopic method 
has been used for screening differences in 
liver glycogen of adult and fetal rats kept 
under various nutritional conditions as well 
as after total body x-ray irradiation. Sig- 
nificant results of these studies are summar- 
ized in Table I. 

Liver glycogen in adult and fetal rats. The 
table demonstrates that K values of fetal liver 
are considerably higher than those of the 
adults, in the non-fasted state in excess of 
68%, in the fasted state, over 120%. The 
spectroscopic differences are so great that they 
are many times apparent from simple inspec- 
tion of the spectra. Maternal fasting of 24 
hours duration, for example, distinctly re- 
duces the K values in fetal liver, but enough 
glycogen has remained to produce a rather 
strong glycogen band. Fasting of same dura- 
tion in the adult, on the other hand, reduces 


Optical density at 6.44 u 


the liver glycogen to such low values, that the 
glycogen band disappears and K_ values cal- 
culated for 970 » are mostly caused by the 
unspecific factors described previously. Dif- 
ference of storage of liver glycogen in adult 
and fetal rats is also apparent from study of 
K values in sugar-fed animals. The relative 
amount of glycogen after sugar feeding is 
much higher in fetal than in adult liver. 
Effect of tonizing irradiation on liver gly- 
cogen. As shown by the K values in Table I, 
x-ray irradiation produces both an ‘‘acute 
effect” and a “delayed effect”? upon liver 
glycogen, dependent on the nutritional state 
of the animal and the time elapsed after the 
exposure. The “acute effect” which was ob- 
served in non-fasted rats 114-3 hours after 
exposure to 19000 r is characterized by a 
moderate drop in liver glycogen. The “de- 
layed effect” noted in fasted animals 48 hours 
after irradiation with 1800 r consists of a 
significant increase of liver glycogen. The 
“delayed effect” can be recognized even from 
comparison of infrared spectra of irradiated 
animal and fasted control (Fig. 3). As a re- 
sult of these opposing effects, non-fasted ani- 
mals do not show significant changes of liver 
glycogen up to 48 hours after exposure to 
moderately high doses of x-rays (adults, 600- 
1800 r; fetus, 250-400 r maternal irradiation) 
provided that diarrhea or loss of appetite do 
not influence food absorption (Table I). 
Discussion. It is apparent from the data 
presented that qualitative and quantitative 
infrared spectroscopy of liver sections provide 
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an additional useful tool for study of liver 
glycogen. The variation of location of the 
“specific glycogen band” in adult and fetal 
liver is interesting when we consider that we 
did not find a single instance in which that 
band occurred exactly at 9.70 » in normally 
fed adult animals, while it was regularly seen 
at that location in fetal liver and in commer- 
cial glycogen. Only in very few liver sections 
of adult animals fed with relatively high 
amounts of sucrose did we actually see that 
band close to 970 ». This difference of loca- 
tion of the band exceeds by far the error of 
the method (0.01 ») and statistical analysis 
of data from all groups of non-fasted rats 
proved it to be statistically significant (P 
<0.01). Two possible explanations for this 
finding which are still under investigation are 
offered. 1. The differences in wavelength 
may be related to different branching of the 
glycogen molecule. This possibility would fit 
into the findings of Cori e¢ al.(7) who ob- 
served differences of end group figures in adult 
and fetal glycogen. 2. The variation of wave- 
length may be due to different protein binding 
of glycogen, with “protein bonded glycogen” 
producing vibrations at wavelengths somewhat 
different from those of “free glycogen.” The 
assumption that glycogen rich liver contains 
mainly free glycogen would be in agreement 
with the concept of Willstaetter(8) who 
thought that “in glycogen rich liver the pro- 
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tein content was insufficient to bind a larger 
part of the glycogen.” This explanation is 
further suggested by recent studies in another 
species(9) which show that almost all fetal 
glycogen can be extracted with cold trichlor- 
acetic acid while adult glycogen is not so 
easily extractable in this way. 

The high glycogen content of fetal liver 
previously described and its response to ma- 
ternal fasting and feeding are in agreement 
with studies of previous investigators who 
considered fetal glycogen more “mobile” with 
a tendency to fall or rise rapidly with fluctua- 
tions of maternal blood sugar(10). 

Our results on the effect of ionizing irradia- 
tion upon liver glycogen tend to clarify seem- 
ingly conflicting reports that small doses 
(500 r) raise liver glycogen in fasted animals 
(11) and extremely high doses (110000 r), 
which actually killed the animal in 3% hours, 
lower it in non-fasted animals(12). Our find- 
ings confirm and amplify both reports. An 
“acute effect” setting in 114-3 hours after 
irradiation, is associated with loss of glvcogen 
and a “delayed effect’? occurring 48 hours 
after exposure, with an increase. The “‘acute 
effect” can obviously be recognized only in 
the non-fasted and the “delayed effect” can 
be observed best in the fasted animal. 


Summary. 1. Frozen and dried sections of 
adult and fetal liver were studied by infrared 
spectroscopy. 2. The infrared absorption 
band found at 9.70-9.60 p is definitely as- 
signed to glycogen. 3. Differences of location 
of this band in adult and fetal liver are dis- 
cussed. 4. A spectroscopic method for semi- 
quantitative estimation of glycogen in liver 
sections is described. 5. Relative glycogen 
content in adult and fetal liver under various 
nutritional conditions is reported. 6. Stud- 
ies of liver glycogen after x-ray irradiation 
show the existence of an “acute” and “de- 
layed” effect, the former decreasing, and the 
latter increasing liver glycogen. 
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From the Departments of Hepatic and Metabolic Diseases and Hematology, Army Medical Service 
Graduate School, Walter Reed Army Medical Center, Washington, D.C. 


Dextran, a glucose polymer of high molecu- 
lar weight, has been developed as a plasma 
expander(1). During the course of studies 
at Walter Reed Army Hospital on the me- 
tabolic effects of dextran, 2 patients developed 
a bleeding tendency. One patient, after re- 
ceiving 6000 ml of 6% dextran over a 6-day 
period developed repeated epistaxis and bled 
from a duodenal ulcer. The second patient, 
after receiving 14000 ml of 6% dextran over 
a period of 14 days, bled for more than 30 
minutes from an incised sebaceous cyst. The 
bleeding time and prothrombin time were pro- 
longed in both cases. Detailed studies were 
initiated to determine whether the adminis- 
tration of dextran provoked an hemostatic 
defect. 

Methods. Six lots of commercially avail- 
able dextran from 4 manufacturers were 
tested. Studies were done on normal young 
adult subjects who received intravenously 
varying amounts of 6% dextran. Bleeding 
time was measured following a stab incision 
with a Bard-Parker No. 11 blade through the 
dependent ear lobe. Prothrombin activity was 
measured by the one-stage Quick method; the 
clotting time was done in siliconized glass- 
ware. Plasma coagulation factors V and VII 
(labile and stable factors), prothrombin con- 
sumption, platelet count, clot retraction, anti- 
thrombin titer, and plasma dextran levels were 


determined(2,3). The subjects in these 
studies were divided into 3 groups. 

Results. The first group of 11 patients re- 
ceived 1000 to 1500 ml of dextran daily until 
the bleeding time was prolonged to greater 
than 10 minutes. The total amount of dex- 
tran required to prolong the bleeding time 
varied from 1500 ml given in a single infusion 
to 6500 ml given over a period of 5 days. 
Determinations were carried out at least 4 
times before each study and at 3-hour inter- 
vals for 9 to 12 hours after infusion. The 
bleeding time exceeded 12 minutes in 4 sub- 
jects and 30 minutes in 7 subjects. The pro- 
longed bleeding times were usually not present 
immediately after infusion, but were maximal 
3 to 9 hours after completion of the last in- 
fusion. With one exception the bleeding time 
returned to normal in 24 hours. Concomit- 
tant with the increased bleeding time, pro- 
gressive diminution of prothrombin activity 
was noted with each repeated infusion of 
dextran in all subjects. The maximum depres- 
sion of activity after infusion varied from 75- 
50% of normal. This depression of prothrom- 
bin activity was partially corrected by the 
addition of factors V and VII. Fig. 1 depicts 
the typical changes observed. 

The clotting time was never abnormal, even 
when the bleeding time exceeded 30 minutes. 
Platelet counts were not below 150000/cu mm 
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FIG. 1. Typical changes with dextran infusion observed in one subject. 


(normal 200000 to 300000) in any patient. 
Prothrombin consumption was normal, and 
no circulating antithrombin was demonstrable. 
Clot retraction was normal. The fibrinogen 
level decreased from 400-500 mg % to 200- 
300 mg % at the end of the infusion; it re- 
turned to normal within 24 hours and was not 
significantly depressed when the bleeding time 
was maximal. Serial blood volume determina- 
tions using Cr°! tagged red blood cells(4) 
carried out on 3 patients receiving dextran 
daily showed that the maximum plasma vol- 
ume expansion occurred immediately after the 
infusion and progressively declined thereafter. 

After 1000 ml or more of dextran had been 
administered urinalyses showed the presence 
of renal epithelial cells, hyaline casts, and 
occasionally red cell casts and oval fat bodies 
in the sediment. The changes persisted 
throughout the period of administration and 
for 2-3 days thereafter. There was no pro- 
teinuria. The creatinine clearance and phe- 
nolsulfonphthalein excretion tests were normal 
throughout. 


The second group of 15 subjects received a 
single infusion of 500 ml of 6% dextran. 
Bleeding time and prothrombin activity were 
determined before, immediately after, and at 


3, 6, and 9 hours following infusion. Minimal 
depression of prothrombin activity to 85% 
of normal occurred in 3 of these subjects fol- 
lowing infusion. Two of these subjects 
showed an increase in bleeding time from 3 
and 4 minutes to 8 and 9 minutes respectively. 

The third group of 50 subjects received a 
single infusion of 1000 ml of dextran. Bleed- 
ing times were determined before, immediately 
after, and at 3, 6, and 9 hours after infusion. 
Fourteen of the 50 developed bleeding times 
greater than 10 minutes within 9 hours fol- 
lowing the infusion. Six hours following the 
infusion the bleeding time was greater than 30 
minutes in one subject and greater than 3 
hours in 2 other subjects. One of the latter 
had a bleeding time of 11 minutes 24 hours 
after the infusion. The remaining subjects 
had bleeding times well within the normal 
range 24 hours after the infusion. Table I 
summarizes the results in the 3 groups. 

Two patients with chronic hepatitis were 
given 1000 ml of dextran daily for 10 days. 
Bleeding times and prothrombin times were 
done daily. The first of these patients showed 
a change of bleeding time from 3 to 24 minutes 
and a depression of prothrombin activity 
from 50-30% of normal. These values were 
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TABLE I. Relationship of Total Amount Dextran 
Infused to Prolonged Bleeding Time. 
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prolonged for several days following the last 
dextran infusion. The second patient showed 
a change of bleeding time from 4-14 minutes 
and a depression of prothrombin activity from 
95% to 35% of normal. In this patient the 
bleeding time was normal in 24 hours, while 
the prothrombin activity returned to normal 
in 4 days. 

Discussion. It is generally accepted that 
the bleeding time is not usually prolonged 
unless the prothrombin activity is less than 
10% of normal. Since the depression of 
prothrombin activity observed here is not of 
this magnitude, it is felt that the prothrombin 
deficiency cannot explain the increase in bleed- 
ing time. Because the maximal increase of 
plasma volume does not coincide with the 
prolongation of bleeding time, it would appear 
that the phenomenon is not correlated with 
intravascular volume changes. The defect 
may be related to abnormalities of hemostasis 
at the site of injury. 

It should be emphasized that, excepting the 
patients with hepatitis, the present study has 
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been carried out on normal subjects, in con- 
trast to an army sponsored clinical trial of 
dextran in surgical patients and battle casual- 
ties, wherein some 4000 units of dextran were 
given to 2000 individuals with no report of 
hemorrhagic disease(5). In the present study 
the subjects were not under severe stress and 
were normovolemic prior to infusion. These 
differences in the recipients may prove im- 
portant in determining the clinical significance 
of the phenomenon. 


Summary. An hitherto undescribed hemo- 
static defect has been observed in normal sub- 
jects after infusion of dextran. This defect was 
characterized principally by a prolonged bleed- 
ing time. It was possible to produce this defect 
in all subjects in whom sufficient dextran was 
infused. The amount of 6% dextran re- 
quired to produce this defect varied from 1000 
to 6500 ml. Changes in plasma coagulation 
factors were minor and not sufficient to cause 
a prolonged bleeding time. The clinical sig- 
nificance of the hemostatic defect requires in- 
vestigation. 
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From the Department of Epidemiology and Virus Laboratory, School of Public Health, 
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Recent investigations have indicated that 
the crude filtrate of a penicillium mold, re- 
ferred to as M-8450, has antiviral action 
against certain neurotropic viruses such as 
MM, Semliki Forest, and Type 2 poliomyelitis 
in mice(1,2) and against all 3 types of polio- 
myelitis in tissue culture(3). No activity was 
seen in mice against Lansing strain of polio- 
myelitis virus given intracerebrally, fixed ra- 
bies virus, or against a variety of non-neuro- 
tropic viruses(1). In view of the effectiveness 
of M-8450 against poliomyelitis in mice in- 
oculated intraperitoneally and in tissue cul- 
ture it was of interest to determine the effec- 
tiveness of this substance in monkeys. This 
report describes the effect of M-8450 in cyno- 
molgus monkeys infected subcutaneously with 
Type 1 poliomyelitis virus. 

Materials and methods. Young male and 
female cynomolgus monkeys, weighing be- 
tween 1.2 and 2.5 kg, were used in this study. 
They were infected with approximately 10 
PDs;o’s of the Mahoney strain of Type 1 
poliomyelitis virus and observed daily for the 
onset of paralysis for periods of at least 30 
days. In previous tests(1,2) of the antiviral 
activity of M-8450 it was demonstrated that 
the mold filtrate was most effective in sup- 
pressing the experimental disease when both 
that virus and the filtrate were injected 
peripherally. Therefore, in tests with mon- 
keys the Mahoney strain was employed be- 
cause it is capable of inducing paralysis fol- 
lowing subcutaneous inoculation. The M- 
84501 was obtained as the frozen-dried crude 
broth and stored at —70°C. It was rehy- 
drated to original volume with sterile distilled 
water and administered intraperitoneally. In 
3 of the 4 experiments, treated monkeys were 


* Aided by a grant from the National Foundation 
for Infantile Paralysis. 
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given 100 ml of the rehydrated crude filtrate 
in 4 divided doses, 2 doses being given on the 
day before virus, the third 4 hours before, 
and the fourth 4 hours after virus inoculation. 
No signs of toxicity were observed in any of 
the mold-filtrate treated monkeys. In view 
of the large volumes of fluid involved, virus 
control monkeys in the first and third experi- 
ments were injected intraperitoneally with 100 
ml of sterile salt solution according to the 
same schedule. In addition, since the crude 
mold filtrate contained 1:10000 merthiolate 
as a preservative and since LoGrippo et al.(4) 
have shown that certain mercury compounds 
affect the excretion of a mouse encephalomye- 
litis virus, controls in one experiment were 
treated with 1:10000 merthiolate in sterile 
saline. In both in vivo(2) and im vitro(3) 
tests M-8450 appeared to exert maximum an- 
tiviral effect when given before virus. There- 
fore in the fourth experiment the total dose 
of M-8450 was reduced to 75 ml, divided into 
3 equal quantities which were administered 
either before or after virus inoculation. One 
group of treated monkeys received 2 doses the 
day before and the third dose 4 hours before 
virus inoculation, while the other group re- 
ceived the first dose 4 hours after virus in- 
oculation and the remaining 2 doses the fol- 
lowing day. 

Results. Results of all the tests are given 
in Table I. These data indicate that M-8450 
exerts a distinct antiviral action in monkeys 
infected with Type 1 poliomyelitis. In the 
first 2 experiments only 2 out of 14 treated 
monkeys developed poliomyelitis while 8 of 
15 control monkeys became paralyzed. In 
addition, the incubation period in the treated 
animals was longer. In the third test half of 
the treated monkeys received an additional 
dose of M-8450 14 days after virus inocula- 
tion to determine if the paralysis seen in the 
first experiment could be prevented. This 
treatment did not appear to have any bene- 
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TABLE I. Effect of M-8450 on Poliomyelitis in Cynomolgus Monkeys Infected Subeutaneously with 
10 PD's of Poliomyelitis Virus. 


rc 


Day of onset of paralysis-————, 


Exp. Treatment Treated Control 
i 25 ml, X3 before, Xlafter virus 24, 30,8,8,8,S, 8,8, 8, -* IL, 18, 18,21, 32,8, S),8, 8, Sit 
2 Same as 1 S,8,8,5,8 10, 20, 24,8,8 
3 i 4 < 42,8,58,8,8 CMOS lass BETS: 
» ” + 25 ml X2, 14 days 28,8,8,8,8 12, 29,8, 8, St 
after virus 
4 25 ml, X3 before virus 22, 22, 23,8,8 8, 8,11,14,8 


25°" ” atter 


” 12, 15,8,8,8 


* Died 6th day due to bacterial infection. 
treated with merthiolate. 


ficial effect. That merthiolate per se does 
not contribute to the antiviral action of the 
M-8450 is shown by the fact that 4 of 5 mer- 
thiolate-treated controls developed paralysis 
as compared to 2 of the 5 saline controls. 
Administration of a smaller amount of 
M-8450, 7.e. 75 ml either before or after virus 
inoculation, appeared to be less effective as 
3 of 5 and 2 of 5 of the monkeys in the 
treated groups developed poliomyelitis com- 
pared to 4 of 5 in the control group. Al- 
though the differences in morbidity between 
the pre-inoculation and post-inoculation treat- 
ment groups are not marked, the somewhat 
longer interval to the onset of paralysis in 
the group of monkeys receiving M-8450 be- 
fore virus inoculation suggests that pre-treat- 
ment might prove to be the more effective. 
Combining the results of all experiments in 
which monkeys received 100 ml or more of 
M-8450, only 4 of 24 treated monkeys de- 
veloped poliomyelitis, the day of onset of 
paralysis ranging from 24 to 42 days, while 
14 of 25 virus control monkeys became para- 
lyzed in 7 to 32 days. 

Discussion. These studies show that the 
crude filtrate of a penicillium mold has an 
antiviral action in monkeys infected sub- 
cutaneously with Type 1 poliomyelitis. Pre- 
viously other investigators had reported its 
action against Type 2 poliomyelitis in mice (2) 
and against the 3 types of poliomyelitis in 
tissue culture(3). Although the. relatively 
large volume of the crude filtrate that was 
employed contained 1:10000 merthiolate, 
this did not appear to be responsible for any 
of the antiviral activity observed with M-8450 
and merthiolate treatment alone had no anti- 


t Controls treated with saline. t Controls 
viral effect. 
Pre-treatment with M-8450 conferred 


marked protection against poliomyelitis both 
by reducing the incidence of paralysis in 
monkeys and by increasing the incubation 
period in those animals finally developing 
paralysis. The probability of chance occur- 
rence of this difference in morbidity is less 
than 5 times in 1000.4 The prolongation of 
incubation period is even more marked. Sta- 
tistical evaluation of this incubation period is 
complicated by the presence of survivors but 
may be accomplished by employing the re- 
ciprocal of the incubation period and using 
O as the reciprocal incubation period for a 
survivor, as suggested by Gaddum(5)._ Using 
this procedure the mean reciprocal incubation 
period of the treated group was 0.0056 day 
and of the control group 0.0403 day-?. Such 
a difference in mean reciprocal incubation 
periods would be expected to occur as a 
chance phenomenon less than one time in 
10,000 similar replications, and statistically 
the incubation period of the treated group was 
concluded to be significantly greater than that 
of the control group. 

Additional experiments would be required 
to demonstrate that treatment with 75 ml of 
M-8450 is much less effective than 100 ml 
although these experiments suggest that trend. 
While the numbers of monkeys developing 
poliomyelitis after treatment with the lesser 
amount are not significantly different statis- 
tically the results tend to be poorer. The 


¢ The authors are indebted to Dr. F. M. Hemp- 
hill, Department of Public Health Statistics, School of 
Public Health, University of Michigan, for guidance 
in the statistical evaluation of these data. 
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relative prophylactic and therapeutic effec- 
tiveness of M-8450 in monkeys also requires 
additional investigation although it appears 
that its antiviral activity is greater when 
administered before virus, in agreement with 
the findings in mice(2) and in tissue cul- 
ture(3). In its present state of development 
M-8450 does not appear to have direct thera- 
peutic application. However, its effectiveness 
in both preventing infection with and prolong- 
ing the incubation period of poliomyelitis in 
monkeys seems to justify further investigation 
of its properties and mechanism of action. 
Summary. The crude filtrate of a penicil- 
lium mold, M-8450, was shown to have anti- 
viral action in cynomolgus monkeys inocu- 
lated subcutaneously with the Mahoney 
strain of Type 1 poliomyelitis. Treatment 
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with at least 100 ml of this crude filtrate re- 
duced the morbidity and increased the incu- 
bation period of infected animals. Less in- 
tensive treatment appeared to be less effective. 
The antiviral action of this substance appears 
to merit further study. 
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Studies on the nature and effects of adreno- 
cortical steroids have indicated that the 
adrenal cortex synthesizes C1) as well as Co; 
steroids. Reichstein and coworkers isolated 
A*-androstene-3,17-dione(1), A*-androstene- 
3,11,17-trione (adrenosterone)(2), and an- 
drostane-38,11-diol-17-one(3) from adrenal 
extracts. Cow adrenal venous blood was 
shown by Gassner ef al. to contain an andro- 
genic steroid characterized as an a,@ unsatu- 
rated, hydroxylated, 17-ketosteroid(4). Bush 
reported the possible presence of A*-andro- 
stene-11-ol-3,17-dione in the adrenal venous 
blood of rats, sheep and cats(5), but more 
recently considers his compound to be 17- 
hydroxyprogesterone(6). In the systematic 
investigation of steroidal compounds obtained 
during adrenal perfusions Hechter and _ his 
group found several Zimmermann reactive 
zones on chromatograms run on the per- 


* This work was supported by the Medical Re- 
search and Development Board, Office of the Surgeon 
General, Department of the Army, and by contract, 
U. S. Atomic Energy Commission. 


fusates(7). Recently A?-androstene-11,-ol- 
3,17-dione has been identified in human 
adrenal venous blood(8) and urine(9) after 
ACTH administration. The data presented 
here represents a preliminary report on the 
presence of +-androstene-3,17-dione, A?- 
androstene-3,11,17-trione, and A*-androstene- 
116-ol-3,17-dione in blood perfused through 
beef adrenals. 


Experimental. Six liters of citrated beef 
blood, to which 120,000 units penicillin and 
0.6 g streptomycin had been added, were 
perfused through 6 beef adrenals for 5 cycles 
as described by Hechter and coworkers(10). 
After the first cycle, 25 mg ACTH (Armour) 
was dissolved in propylene glycol-saline and 
infused into blood over 3 hours. Acetic acid-1- 
C™ was added to the blood prior to perfusion 
in one experiment (perfusion no. 5). A total 
of 5 perfusions was conducted. The per- 
fusates were extracted with 3 portions of twice 
the volume of redistilled ethyl acetate by gent- 
ly shaking the blood and solvent together (1 1k 
The extracts were evaporated to dryness under 
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reduced pressure; the residues partitioned be- 
tween 90% methanol and pentane, and the 
residues from the methanolic fractions trans- 
ferred to diethyl ether. 

In perfusions 1 and 5, the ether fractions 
were washed with water, dried over anhydrous 
NaySO,, and brought to dryness. Separation 
of the neutral fractions into ketonic and non- 
ketonic fractions was carried out with the 
Girard T reagent. The ketonic fractions were 
further fractionated to characterize individual 
steroids. The material in the ether fractions 
from perfusions 2, 3, and 4 was transferred 
into benzene and fractionated by silica-gel 
chromatography(12). Appropriate fractions 
were analyzed qualitatively by paper chro- 
matography and quantitatively by the Zim- 
mermann reaction for the 17-ketosteroids. 

Aliquots were taken from all samples for 
total 17-ketosteroid determinations. The re- 
mainder was placed on propylene-glycol im- 
pregnated Whatman No. 1 filter paper strips 
and chromatographed twice for 12-48 hours 
in the ligroin-propylene glycol solvent system 
(13). The location of individual compounds 
was determined by examination of the paper 
under ultraviolet light, and reacting the paper 
strips with a) the Zimmermann reagent and 
b) 2,4-dinitrophenylhydrazine in 1 N HCl 
solution(14). The Zimmerman _ reactive 
zones of the paper chromatograms from per- 
fusate No. 5 were subjected to further analy- 
sis. The individual steroids were eluted from 
paper with redistilled methanol and dried. 
Employing paper chromatographic mobility as 
the criterion for identification, the eluates 
were chromatographed a) as the free com- 
pounds on propylene glycol impregnated paper 
in the solvent system ligroin-benzene (1:1), 
b) as the hydrazone derivatives, formed after 
reacting with Girard reagent T, in the system 
butanol-water (84:16)(14), c) as the acetate 
derivatives, formed after reacting the eluates 
with acetic anhydride in pyridine(15), in 
the solvent system ligroin-ethylene glycol 
phenyl ether(16), and d) as the free com- 
pounds after oxidation with chromic acid(17) 
in the ligroin-propylene glycol solvent system. 
The absorption curve between 220 and 500 
my. of the chromogens produced by treatment 
of the eluates with concentrated H»SO,(18) 
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was also obtained. 

Three blood control perfusion experiments 
were done. In control experiment 1, 10 1 of 
blood with added C'!-labeled acetate circu- 
lated through the perfusion apparatus for 3 
hours. The blood was then extracted with 
ethyl acetate, partitioned between pentane 
and 90% methanol, and tested for Zimmer- 
mann reactive material as described above. 
In control Experiment 2, 10 mg each of 
corticosterone (Kendall’s Cpd. B) and 11- 
desoxy-17-hydroxy-corticosterone (Reich- 
stein’s Cpd. S), were mixed with 1.3 1 of cit- 
rated blood. Similarly, 10 mg each of 17- 
hydroxycorticosterone (Kendall’s Cpd. F) 
and 11-dehydro-17-hydroxycorticosterone 
(Kendall’s Cpd. E) were mixed with 1.5 1 of 
blood in control No. 3. The 2 blood samples 
were extracted immediately with ethyl acetate, 
partitioned between 90% methanol and pen- 
tane, separated into ketonic and non-ketonic 
fractions, and the ketonic residue chromato- 
graphed on paper. Individual Zimmermann 
reactive zones were eluted from paper and 
their Zimmermann reactive material deter- 
mined quantitatively. 


Results. The perfusates contained between 
0.35 and 1.5 mg total 17-ketosteroids. The 
data suggest that silica-gel chromatography 
results in greater purification of steroid ex- 
tracts than the procedure involving Girard 
separation. Recovery experiments, in which 
1 mg of A*-androstene-3,17-dione was added 
to 2 1 of blood, in duplicate, resulted in 63% 
and 68% recovery. The ratio of Zimmermann 
reactive substances to formaldehydrogenic 
substances in blood varied between 1:35 and 
1:50: 

Paper chromatography in ligroin-propylene 
glycol of the five perfusates gave 9 distinct 
Zimmermann reactive zones. In Table I, the 
relative mobilities (Ry) (mobility relative to 
androsterone = 1.00 cm/hr), the colors pro- 
duced upon reaction with the Zimmermann 
reagent and 2,4-dinitrophenylhydrazine, and 
the presence or absence of ultraviolet light 
absorption by the reactive areas are listed. 
Only those zones with identical Ry values 
found in two or more perfusates are included 
in Table I. Except in the case of the rapidly 
moving compound I, the Ry values among 
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TABLE I. Relative Mobilities (Ry) of Compounds I-V and Standards in Ligroin-Propylene 
Glycol. 
No. of 
Compounds perfusates Ultra- 
in containing violet -—Color reaction—, 
perfusates compounds Ry absorption Zimm. DNPH 
I 2 2.3, 2.8% = B-P Y 
ie 3 NE Ao) +- 12 Or 
IIL 4 42 + 12? Or 
IV 4 10 + 12 Or 
V 2 .083 = B — 
Standards 
androstane-3,17-dione 2.5* — J NG 
/A*-androstene-3,17-dione TO + {2 Or 
A\*-androstene-3,11,17-trione 45 <i 12 Or 
A*-androstene-11g-01-3,17-dione 10 a 1? Or 


* Mobility of androstane-3,17-dione in ligroin-propylene glycol varies by 25% from the mean. 


The following abbreviations are used: 


Zimm. — Zimmermann reagent, DNPH = 2,4-dini- 


trophenylhydrazine in 1 N HCl, B= blue, P =: purple, Y =yellow, Or = orange. 


TABLE II. Mobilities of Compounds I-IV from Perfusion 5 and Their Derivatives in Various 
Solvent Systems. ; 


-——_ Derivative——_, 


CrO; 

Free Girard oxidation 

compound hydrazone product 

———_ Solvent system ———_—_, 

Ligroin- Butanol- 
Bz (1:1)- water Ligyroin- 
Compound Prop. G. (84:16) Prop. G. 
Mobility (em/hr) 

il — 83 — 
Te — 14 = 
III 43 .08 AT 
TVs 17 06 42 
A*-androstene-11-01-3,17-dione 15 == 10 
A*-androstene-3,11,17-trione 53 07 41 
A\*-androstene-3,17-dione — 15 1.65 
testosterone 08 89 — 
ZA\*-androstene-3-one — .98 = 


The following abbreviations are used: Bz — benzene, Prop. G. = propylene glycol. 


replicate samples differed by 10% or less. 
These paper tests indicated that all com- 
pounds contained a ketone group at carbon 
atoms 3 and 17 and a,8 unsaturation in the 
structure of compounds IT, III and IV. Inter- 
fering material eluted from paper with the 
individual compounds prevented their spectro- 
photometric determination at 240 mu. 

Five Zimmermann reactive compounds were 
found in perfusate No. 5 (perfusion with C14- 
labeled acetate). Compounds I to IV, when 
subjected to different conditions and treat- 
ment, exhibited characteristic mobilities which 
are presented in Table II. The mobilities of 
the trimethylammoniumacethydrazone deriva- 


tives of compounds I and II were identical 
with those of testosterone and A*-androstene- 
3,17-dione, respectively. The reaction prod- 
uct of compounds I and II with acetic an- 
hydride in pyridine did not move appre- 
ciably on filter paper in the system 
ligroin-ethylene glycol phenyl ether dur- 
ing a 21-hour period. Testosterone ace- 
tate and androsterone acetate moved 0.24 
and 0.50 cm/hr, respectively, in the same 
system, indicating that no monoacetates 
had been formed. The rates of move- 
ment of compounds ITI and IV in the ligroin- 
benzene (1:1)-propylene glycol system cor- 
responded to the mobilities of the standards 
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A?-androstene-3,11,17-trione and A‘-andro- 
stene-118-ol-3,17-dione, respectively. The 
hydrazones of both compounds III and IV 
exhibited a mobility identical with A*-andro- 
stene-11-one-3,17-dihydrazone. Oxidation of 
compounds III and IV with chromic acid and 
chromatography of the oxidation products 
gave a single Zimmermann reactive area with 
an Ry value of 0.45 + 0.03 (ligroin-propy- 
lene glycol system) corresponding to the mo- 
bility of A*-androstene-3,11,17-trione. In all 
instances, the Zimmermann reactive and 
K2PtIg reactive zones on paper were found 
to be radioactive. Determinations of specific 
activities were not possible because the vari- 
able weight of the non-steroidal portion of the 
methanol eluate frequently exceeded that of 
the steroidal portion. Nevertheless, when 
consecutive tests were carried out on one 
aliquot of an eluate, the activity did not 
change significantly. 

The absorption curve of the chromogen of 
compound I in concentrated HsSO, could not 
be identified; that of compound IT exhibited 
a minimum at 240 mp and a maximum at 310 
my. The spectra of both the crystalline A*- 
androstene-3,17-dione and androstane-3,17- 
dione chromogens contained one minimum at 
240 mp and one maximum at 300 mu. 

An aliquot of labeled compound IIT (con- 
tained in 6.6 mg of eluted material) was 
diluted with 2.0 mg of crystalline, non-labeled 
At-androstene-3,11,17-trione. This sample 
was chromatographed 4 times in the ligroin- 
propylene glycol system, once in the ligroin- 
benzene (1:1)-propylene glycol system, and 
once as the dihydrazone derivative in butanol- 
water. The C™ activity remained associated 
with the Zimmermann or K>PtI¢ reactive zone 
in every chromatogram. The infra-red absorp- 
tion spectrum of the diluted compound III 
was identical with A*-androstene-3,11,17- 
trione. 

The purified perfusate of control experi- 
ment 1 contained less than 50 yg of total 17- 
ketosteroids. No Zimmermann reactive zones 
were noted on the paper chromatograms. The 
chromatograms of the residues from control 
Experiments 2 (Compounds B and S added 
to blood) and 3 (added Compounds E and F) 
contained one Zimmermann reactive zone each 
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with respective Ry values of 1.00 and 0.41. 
These two 17-ketosteroids were found quanti- 
tatively as contaminants of the crystalline 
Compounds S and E added to blood in the 
control experiments. 


Discussion. Characterization of Zimmer- 
mann reactive substances found in the adrenal 
perfusates required use of highly sensitive an- 
alytical methods because of the small quanti- 
ties of material present (30-250 wg per 
Zimmermann reactive zone). Paper chroma- 
tography meets this requirement. Identifica- 
tion of compounds I to IV was based pri- 
marily on the chromatographic behavior of 
the free compounds and their derivatives in 
different solvent systems, and by the use of 
several color tests. Although identification by 
these methods is not as definitive as by classi- 
cal procedures (melting point of free steroids 
and derivatives, infrared absorption curve, 
optical rotation), the correctness of the identi- 
fications made on the basis of the sum of the 
results obtained from the 4-5 tests used in 
this investigation carries a significant degree 
of certainty. 

The color reactions and mobility of the free 
compound I indicated a saturated 3,17-dike- 
tone, possibly androstane-3,17-dione or etio- 
cholane-3,17-dione. Formation of a mono- 
hydrazone and the presence of a non-reactive 
polar group, which also did not form an ace- 
tate, added to the evidence for the probable 
nature of compound I. Similarly, employing | 
the same criteria and tests, compound IT and 
A*-androstene-3,17-dione gave identical re- 
actions. The excellent reproducibility of the 
mobility of A*-androstene-3,17-dione in li- 
groin-propylene glycol as compared to andro- 
stane-3,17-dione and the added parameter of 
H,SO, chromogen absorption curves, which 
agreed within experimental error, allow com- 
pound IT to be identified as A*-androstene- 
3,17-dione with a high degree of certainty. 

The behavior of compounds III and IV 
indicated both to be A?*-3,17-diketones con- 
taining a third oxygen function which did not 
form an acetate or hydrazone. Compound III 
was not affected by chromic acid oxidation 
while compound IV was converted to com- 
pound III. These results indicate that com- 
pound III has a carbonyl group and compound 
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IV a £-hydroxyl group attached to C-11, 
neither of which would react with acetic acid 
in pyridine or Girard reagent T. The mobili- 
ties of the free compounds III and IV in the 
two solvent systems employed were identical 
with A?-androstene-3,11,17-trione and ?- 
androstene-11-ol-3,17-dione, respectively. 
The results with the mixture of non-labeled 
A*-androstene-3,11,17-trione and labeled com- 
pound III further strengthen the conclusion 
that these two substances are identical. 

Compound V was present in insufficient 
amounts to attempt its characterization. Its 
mobility and ultraviolet light absorption would 
suggest a Cig steroid with three oxygen func- 
tions including a ,\‘-3-ketone. 

The large amounts of formaldehydrogenic 
material found in the perfusates compared to 
the amounts of 17-ketosteroids suggested the 
possibility that compounds IJ, III and IV 
were chemical degradation products of the Co; 
steroids formed by the adrenal gland during 
perfusions. The absence of *-androstene- 
118-ol-3,17-dione, A\‘-androstene-3,17-dione 
and #-androstene-3,11,17-trione in the con- 
trol samples containing 10 mg each of Com- 
pounds B, S, E and F which agrees with the 
absence of +t-androstene-3,11,17-trione in 
blood from cortisone perfused adrenal glands 
(11) strongly suggests that these three 17- 
ketosteroids were not formed during the 
course of purifying and analyzing the per- 
fusates. Rather, they are of adrenal origin. 

Summary. Bovine adrenal glands were per- 
fused with blood containing added ACTH and 
the perfusates purified for study of their Cy 
steroid contents. Individual steroids present in 
the purified extracts were detected and char- 
acterized by studying the behavior of the free 
compounds and their derivatives by paper 
chromatographic techniques involving several 
solvent systems and color tests. By these 
methods, five 17-ketosteroids were found in 
adrenal perfusates, three of which exhibited 


properties identical to standard samples of 
A?t-androstene-3,17-dione, | A*-androstene-3, 
11,17-trione and *-androstene-11-ol-3,17- 
dione. The conclusion is reached that the 
methods used here allow the identification of 
these three steroids in adrenal perfusates with 
a high degree of certainty. 


The authors are indebted to Dr. Harris Rosen- 
krantz for carrying out infrared analyses, and to 
Mr. Austin Fish for his aid in adrenal perfusions and 
silica-gel chromatography. 
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The digital calorimeter, as originally de- 
scribed(1,2), consisted of an aluminum cal- 
orimeter cup, set in broken cork, and covered 
by a rubber membrane with apertures for the 
finger, a stirring device and a Beckmann ther- 
mometer. To measure the calories elaborated 
by the digit per unit of time, the calorimeter 
was usually set at 6 or 7°C below the tem- 
perature of the arterial blood. The rise in 
temperature produced by the digit, however, 
was modified by loss of heat from calorimeter 
to room because of the difference between 
their respective temperatures. This loss, 
therefore, was measured with a cork replacing 
the digit and was added to the temperature 
rise produced in the calorimeter by the digit. 
The total was considered representative of the 
total heat output of the finger or toe. 


Although this procedure is sound for the 
measurement of calories within the error of 
the method as a whole, it involves 2 sets of 
measurements under slightly different condi- 
tions. Room temperature and the rate of stir- 
ring, for example, must be the same in the 
2 phases of the procedure. Another objection 
has also been raised to the effect that a vari- 
able cooling lag might introduce error(3) 
although this is probably of more significance 
for the hand calorimeter than for the smaller 
digital calorimeter. To meet this objection, 
Greenfield e¢ a/.(4) introduced a calorimeter 
incorporating a_ stirred electrically heated 
water jacket, the temperature of which could 
be regulated to keep the temperature of the 
water within the calorimeter constant despite 
varying room temperature. Thus, the con- 
tribution made by the digit could be measured 
directly. This instrument, however, con- 
tained a liter of water and was therefore too 
large and unwieldy for practical digital cal- 
orimetry using one finger tip. Wilson(5) bal- 
anced heat lost from his calorimeter to the 


* Aided by a grant from the National Heart Insti- 
tute, Department of Health, Welfare and Education, 
Washington, D. C. 


room by heating the outside of the cup with 
an electric bulb regulated by a rheostat. This 
simple device works well but has the disad- 
vantage of bright lighting and a tendency to 
heat the hand or foot as well as the cal- 
orimeter cup. 

Heat loss to the ambient air can also be 
balanced by a heating wire inserted into the 
cup.t This heating wire is connected to the 
secondary winding of a step-down transformer 
with an ammeter in series. The voltage of 
the primary winding of the transformer is 
controlled by a variable autotransformer, fed 
by a 120 volt, 60 cycles/sec. line. The heat- 
ing wire is 2% feet long and has a total re- 
sistance of 11.5 ohms. It is coiled and en- 
sheathed in polyethylene tubing of appro- 
priate size. The maximum voltage applied to 
the wire is 10 volts. This corresponds to a 
maximum heat input into the calorimeter by 
the wire of 120 g cal./min. By adjusting the 
voltage in the primary winding of the step- 
down transformer, the current in the wire and 
hence the heat input can be changed and the 
temperature of the stirred water in the cal- 
orimeter can be kept constant within 0.01°C. 
The actual heat input required to keep tem- 
perature constant varies from O to 5 g 
cal./min. depending on ambient temperature. 
The position of the wire must be adjusted to 
keep it free of the digit, the stirring bar and 
the thermometer itself. 

Several other changes are incorporated in 
this calorimeter (Fig. 1) which increase ease 
of operation. The cup for the finger contains 
125 cc, and for the toe, 250 cc of water. It 
consists of an evacuated silvered flask, the 
evacuation bulb being eccentric so that the 
bottom can be fairly flat. No other insula- 
tion is needed and the flask is held in place 
by a clamp on its metal jacket. Either a 
rotary or an electromagnetic stirrer may be 
used. Transfer of heat from the electromag- 


+ This principle was used in a hand calorimeter by 
Greenfield and Scarborough(3). 


2 DIGITAL CALORIMETER 


FIG. 1. Diagram of recording digital calorimeter. 


on the stirrer. 


net is prevented by a cork slab between the 
housing of the magnet and the edge of the 
metal jacket of the cup. This heat, as well 
as the heat of stirring produces no error, since 
adjustment is always made to near zero via 
the heating wire. In addition, a record is 
made with a cork before and after the digital 
record. Any deviation from zero is averaged 
and either added or subtracted from the digi- 
tal slope. An air-vent which can be water- 
sealed is incorporated in order to make the 
insertion of the finger and the addition of 
water easier. A Beckmann thermometer or 
a non-adjustable mercury thermometer, regis- 
tering with an accuracy of +0.01°C over the 
desired temperature range may be used with 
this apparatus. A platinum resistance ther- 
mometer and Leeds-Northrup recorder pro- 
vide a permanent record of the temperature 
changes. A typical record, the slope of 
which is accurate to -0.01°C is demonstrated 


V, variable voltage control; T, 
transformer; A, milliammeter; R, recorder (Leeds-Northrup #61,452) ; Tu, glass tube; M, rub- 
ber membrane; Ru, rubber band; Th, platinum resistance thermometer (Beckmann thermometer 
ean be substituted if no record is required); W, resistance wire ensheathed in polyethylene 
tubing; B, plastic stirring bar; D, silvered, evacuated, double-walled, glass calorimeter cup 
containing water. Cemented to the eup is a metal sheath, only the edge of which stands on the 
eork slab beneath. A clamp and ring stand (not shown in the diagram) hold the unit in place 


step down 


C, cork slab; St, electro-magnetic stirrer (large). 
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FIG. 2. A typical record of digital calorimetry. 
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in Fig. 2. With a constant heat input via the 
resistance wire, the rise in temperature as 
measured by the Beckmann thermometer is 
exactly the same as that measured by the 
corrected slope of the recorded temperature. 
The hydrothermic equivalent of the ap- 
paratus was calculated as follows: With a 
constant heat input at a given calorimeter 
temperature under fixed room temperature 
conditions, the calories engendered in distilled 
water were equated with those engendered in 
potassium carbonate solution of known spe- 
cific heat. The only unknown, the hydro- 
thermic equivalent of the apparatus can be 
calculated(6). It was 5 + 1 cc for the digi- 
tal, and 14 + 2 cc for the hallucal calorimeter. 


An Improved Technic for Liquid Emulsion Autoradiography.* 


James S. ARNoLp.t 
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Summary. 
is described. 


A recording digital calorimeter 
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From the Division of Biological and Medical Research, Argonne National Laboratory, Lemont, Ill. 
and the Radiobiology Laboratory, University of Utah College of Medicine, Salt Lake City, Utah. 


The increasing application of radioactive 
elements as tracers in biological and medical 
problems and the necessity for more precise 
information regarding the effects of radio- 
active elements on tissues have resulted in 
continuous improvement in autoradiographic 
procedures for the detailed study of the dis- 
tribution of these elements. It is generally 
recognized that autoradiographic resolution 
on a cytologic scale can be improved by the 
elimination of all space separating the emul- 
sion from the tissue, the use of thin layers of 
emulsion, and the use of thin tissue sections 
(1-4). In the course of a study of the depo- 
sition of long-lived radioactive elements at the 
cellular level, it has been necessary to improve 
and modify existing technics for the prepara- 
tion of liquid nuclear track emulsions for 


* This work was begun at Argonne National Lab- 
oratory while Dr. Arnold held an Atomic Energy 
Commission post-doctoral fellowship administered by 
the National Research Council; later phases were 
carried out under partial support by the Atomic 
Energy Commission. 

+ Present address: Radiobiology Laboratory, Uni- 
versity of Utah, College of Medicine, Salt Lake City. 


autoradiography. As a result, an autoradio- 
graphic procedure has been developed which 
eliminates all emulsion-tissue separation and 
allows the preparation of emulsions less than 
one-half micron in thickness. 

Materials and methods. All tissues are 
fixed in acetone at room temperature to mini- 
mize migration of bone seeking radioisotopes 
and fogging of emulsions by chemical con- 
stituents. Tissue sections, 2 to 5 microns 
thick, are cut in an embedding medium such 
as celloidin, paraffin, or plasticized nitrocellu- 
lose(5), and mounted on glass slides with egg 
albumin or other fixatives. (For very hard 
tissues that tend to curl, e.g., undecalcified 
bone, it is advisable to roll the damp section 
on a slide that has been previously coated with 
1.5% gelatin, drained, and air-dried.) The 
embedding medium is then dissolved in a 
suitable solvent, e.g., xylene for paraffin, ether 
alcohol for celloidin, and ether alcohol or 
acetone for the plasticized nitrocellulose, and 
the tissue section is dried. NTA and NTB 
liquid nuclear track emulsions in the solid 
state in air- and light-tight, Dewar flasks, and 
maintained at 5°C, were kindly supplied for 
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test purposes by the Eastman Kodak Co. 
NTB emulsion has a high sensitivity, produc- 
ing short tracks for low energy beta particles 
or electrons. NTA emulsion has a low sensi- 
tivity, responding quite slowly to beta irra- 
diation. Both emulsions are capable of form- 
ing alpha tracks. 

A small quantity of the gelatinous emulsion 
is transferred on a clean glass or stainless 
steel spatula from the Dewar storage flask to 
a beaker that has been placed in a constant- 
temperature water bath at 38°C. Melting 
occurs in 15 to 25 minutes, depending on the 
amount of emulsion to be used. When the 
emulsion has reached the liquid state, it is 
applied to the mounted tissues by means of a 
soft, clean No. 6 or No. 7 camel’s hair brush. 
The thickness of the emulsion layer is easily 
controlled by varying the amount of emul- 
sion on the brush. The sweep of the brush 
should neither start nor stop over the tissue 
section. With experience, as many as 50 
slides may be satisfactorily covered in 5 
minutes. 

The emulsion coating will gelatinize at 
room temperature in about 5 minutes. If the 
emulsion tends to clump on the tissue, the 
slides should be cooled on a metal plate above 
an ice bath before coating. After the emulsion 
coating has gelatinized, the slides are dried in 
a gentle current of dust-filtered cool air (that 
may be obtained from an electric fan with a 
cheese cloth filter). The slides are then stored 
for exposure in a plastic slide box containing 
an open vessel of saturated calcium chloride 
solution. The slide box is sealed so that it 
it both light- and air-tight and placed in a 
refrigerator at O° to 5°C for the desired ex- 
posure period which, as in any autoradio- 
graphic procedure, depends on the amount of 
radioactivity present, the distribution of the 
radioactive isotope in the tissue, the degree of 
image intensity desired, and the half-life of 
the radioisotope(1,2,4). All solutions used in 
the developing process are kept at 18°C to 
prevent softening and liquefaction of the thin 
emulsion. The slides are processed in a hori- 
zontal position to further minimize distortion. 
To prevent the accumulation of bubbles be- 
neath the thin emulsion, all solutions are de- 
gassed by reducing pressure to the boiling 
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point at room temperature (using a simple 
water aspirator and vacuum flasks) and all 
washing steps are eliminated. The slides are 
held for one minute in D-19 developer (East- 
man Kodak) and transferred to acid fixer with 
hardener for 2 minutes. The slides are then 
placed in 4% formaldehyde solution with oc- 
casional gentle agitation for 5 minutes and 
then transferred to a second 4% formaldehyde 
solution for 4 hours. 

Staining. After the emulsion has been 
hardened in formalin, the tissues may be 
stained at room temperature with hematoxylin 
and eosin without fear of softening the emul- 
sion. The best results are obtained by over- 
staining the slides in Mayer’s hematoxylin 
and then differentiating in 5% ammonium 
alum solution until the gelatin of the film is 
clear. (When preparing undecalcified bone 
autoradiographs, the sections should be de- 
calcified prior to staining in 5% ammonium 
alum, which does not attack the silver grains.) 
The slides are then placed in ammonia water 
at a pH of 8.5 for 30 minutes. (A higher pH 
tends to soften and distort emulsions and a 
lower pH fails to protect against residual 
thiosulfate attacking the silver image.) The 
tissues are rinsed for a short time in distilled 
water and are then stained in aqueous eosin 
(14% for 30 to 60 seconds). The gelatin is 
cleared of eosin by vigorous differentiation in 
50-90% alcohol for 10 to 15 minutes, and the 
sections are mounted in clarite or permamount 
in the usual manner. If a few bubbles of gas 
should persist beneath a section, they may be 
removed by soaking for 12 hours in a 1:1 
dilution of the mounting medium(6). The 
autoradiographs are examined under ordinary 
transmitted light or with a dark field micro- 
scope. 

Discussion. The production of thin emul- 
sion layers and the elimination of tissue emul- 
sion interspace are theoretical as well as prac- 
tical advantages in the improvements of auto- 
radiographic resolution(1-4). Fig. 1 is a 
microphotograph of an autoradiograph and 
4 microns thick section of a trabecular bone 
from a rat sacrificed one week following Ca* 
administration. The line of increased grain 
density running down the center of the struc- 
ture overlays Ca incorporated in the under- 
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IG. 1. Microphotograph of an autoradiograph a 


nea * a 


nd 4 y thick section of a trabecular bone from 


a rat sacrificed 1 wk following Ca® administration. 


lying bone, which was deposited one week 
prior to sacrifice. The osteocytes and various 
cells of the marrow may be compared to the 
width of the line of increased grain density. 
It is apparent that this line is no wider than 
14 microns in the center. However, no ac- 
curate estimation of the absolute resolution of 
the autogram is possible because the width of 


the strip of bone containing the increased Ca*” 
concentration is not determinable. 

In addition to considerations of resolution, 
the thin emulsion layer has a distinct advan- 
tage over thick ones in high magnification 
microscopic study and photomicroscopic re- 
production of detailed autoradiographs. 
The depth of focus of most microscope 
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objectives with a 20 or greater mag- 
nification is less than 3 microns. When a 
histological section and intimately superim- 
posed autoradiographs are viewed simultane- 
ously one or the other tends to be out of focus. 
Because of this limitation of the objective 
depth of focus, any diminution in emulsion 
thickness, section thickness or emulsion tissue 
interspace will facilitate study of the high 
resolution autoradiogram. 

Several problems arose during the course of 
the development of the described technic 
which are peculiar to extremely thin emulsion 
layers of liquid-coated autoradiographs. The 
first of these is the adherence of the 
emulsion to tissue in an even layer. Addition 
of wetting agents, precooling of slides, and 
dilution of emulsion(2,6) all tend to minimize 
the tendency of the emulsion to clump; how- 
ever, occasionally all of these procedures fail 
on certain preparations for undetermined 
reasons. 

Thin layers of emulsion are subject to 
cracking when stored at the low humidity 
produced by most chemical desiccants. When 
actual cracking of emulsion does not occur, 
sufficient tension may develop to produce 
characteristic fine, irregular lines of closely 
packed silver grains. Emulsion cracking and 
tension artifacts are virtually eliminated by 
maintaining a constant relative humidity of 
40% during the exposure period. This is 
simply done by placing an open vessel of 
saturated calcium chloride solution into the 
exposure slide box and exposing autograms 
at 0-5°C.+ 

The tendency of bubbles to form between 


¢ Suggested by William P. Norris of Argonne 
National Laboratory. 
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emulsion and tissue during development and 
fixation procedures was initially a problem. 
This phenomenon probably occurs in thick as 
well as thin emulsion preparations; however, 
the distortion produced by it is much greater 
in the case of thin emulsion layers. Bubbles 
began to appear in the developing solution 
and continued to accumulate throughout all 
processing steps. The tendency of bubble 
formation was finally controlled by 1) elim- 
inating all washing procedures, 2) decreasing 
development and fixation period to a mini- 
mum, 3) degassing of all processing solutions 
prior to use, and finally 4) hardening emul- 
sion in 4% formaldehyde solution. If thin 
emulsion layers are not hardened in formal- 
dehyde they soften and disintegrate in most 
aqueous solutions above 20°C. 

Chemical fogging of the emulsion has rarely 
been encountered when processing acetone- 
fixed tissues. The reason for this is as ob- 
scure as the actual mechanism of chemical 
fogging. 

Summary. A method for the preparation 
of autoradiographs with thin liquid coated 
emulsion layers has been described. 
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Use of the Trypanosomid Flagellate, Crithidia fasciculata, for Evaluating 


Antimalarials.*t 
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(Introduced by Paul A. Zahl.) 


From the Haskins Laboratories, New York City. N. Y. 


Since the Trypanosomid flagellate, Crithidia 
fasciculata (Anopheles strain), a parasite of 
mosquitoes, requires an exogenous source of 
folic acid (or closely related compounds) for 
growth(2) to which it responds quantitatively, 
it is useful for studying antimetabolites di- 
rected at the folic acid group. This strain is 
not known to have a vertebrate host, but as 
a member of the Trypanosomidae, it is related 
to several important intra- and extracellular 
pathogens. 

Earlier investigations in our laboratory with 
folic acid analogs such as AminopterinS and 
10-formyl-folic acid’ were inconclusive as 
these compounds had folic acid rather than 
antimetabolite activity. Several substituted 
pyrimidines, (structurally more dissimilar to 
folic acid) among them potent antimalarials 
(3,4) which also display anti-leukemic activ- 
ity(5), were next studied. Excellent correla- 
tion had been found between the im vivo in- 
hibition of Plasmodium bergei (in mice) and 
of P. gallinaceum (in chicks) (6) and, in our 
laboratory, of in vitro inhibition of crithidia, 
by the pyrimidine antimalarials. This con- 
trasts with dissimilar inhibition patterns ob- 
served with bacteria and suggests that crith- 
idia, as described here, may be a better guide 
for preliminary evaluation of antimalarials. 


Method. The completely defined medium 
devised earlier(2) for this strain was modified 
for these studies (Table I). All cultures were 
allowed to grow past the logarithmic growth 


* Abstract appeared(1). 

+ Aided by grants from Wellcome Research Labora- 
tories, Tuckahoe, N. Y., Lederle Laboratories Division 
of the American Cyanamid Co., and the Rockefeller 


Foundation. 
t Present address: Department of Physiological 
Chemistry, Yale University, School of Medicine, 


New Haven, Conn. 

§ Generously supplied by Dr. H. P. Broquist, 
Lederle Laboratories, Pearl River, N. Y. 

|| Generously supplied by Dr. G. H. Hitchings, 
Wellcome Research Laboratories, Tuckahoe, N. Y. 


phase, which required between 10-18 days. 
Growth was measured as optical density on a 
Welch Densichron. The antimetabolites!l used 


TABLE I. Basal Medium for Crithidia fasciculata. 
Grams (unless otherwise specified) in 100 ml of 
final medium, 


KPO, 02 
Ethylenediamine-tetra- .06 
acetic acid (HDT A) 
MgsS0O,+7H,0 04 
Fe (as SQ,) lmg 
Ca (as Cl) 2mg 
Mo (as Na) Ame 
Metals mix* 2.5 ml 
L-arginine HCl .025 
L-histidine HCl .02 
DL-isoleucine 005 
DL-lysine 02 
DL-leucine .005 
DL-methionine .008 
DL-phenylalanine 004 
DL-tryptophan 002 
L-tyrosine 005 
DL-yaline 005 
Triethanolamine 5 
Hemin 2.5 mg 
Vit. mixt 1.0 ml 
Adenosine t 3.0 mg 
Glucose (aseptically) § 1.0 


Folie acid or folinic acid omitted from the base.|| 
pH 8.1; 2 ml distributed in 10 ml flasks. { 


*1 ml contains: Zn (as ZnSO,) 1 mg, Mn (as 
MnSO,) 1 mg, Co (as CoSO,+7H,0) 0.02 mg, Cu 
(as CuSO,-5H,0) 0.01 mg, B (as H3BO3) 0.004 
mg, I (as Nal) 0.001 mg, EDTA 1 mg. Concentra- 
tions refer to metal ions alone. 

+1 ml contains: Thiamine- HCl 0.6 mg, ribo- 
flavin 0.1 mg, Ca pantothenate 0.3 mg, nicotinic 
acid 0.3 mg, biotin 1.0 yg, pyridoxamine + 2HCl 0.1 
meg. 

. The commercial adenosine used had a 10% im- 
purity of guanosine as determined chromatographi- 
cally and spectrophotometrically. This impurity 
did not interfere with this particular study as 
Crithidia can utilize adenosine or guanosine inter- 
changeably (2). 

§ One drop of sterile 50% glucose/flask. Prep- 
aration: a 50% (w/v) solution of Mallinckrodt C. 
P. glucose (devoid of traces of yellow impurities 
fiound in other C.P. samples from other manufae- 
turers) was brought to pH 3.0-3.6 with H,SO,, dis- 
tributed in 125 X 20 mm screw-capped tubes and 
autoclaved for 20 min. at 118-120°C. 

|| Supplied as ‘‘Leucovorin’’ (Lederle), the Ca+ 
5H.O salt. 

{| Special ‘‘micro-Fernbach’’ flasks, Kimble cat- 
alog No. 26020-S-43. 
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FIG. 1. Graph showing the competitive nature of 
folinie acid antagonism by 2,4-diaminopyrimidines. 


No. 1 5-p-chlorophenyl-6-ethyl-2,4 diaminopyrimi- 
dine 
2 5-(3'4’-dichloropheny]l) -6-methyl-2,4 diami- 
nopyrimidine and 
3 5-p-chlorophenoxy-6-methyl-2,4 diaminopyri- 
midine. 


were: (1) 5-p-chlorophenyl-6-ethyl-, (2) 5- 
(3’4’-dichlorophenyl)-6-methyl-, and (3) 5- 
p-chlorophenoxy-6-methyl-2 ,4-diaminopyrimi- 
dine. Growth of the organism in the presence 
of various levels of drug was determined as a 
function of folic or folinic acid. 

Results. Folic and folinic acids are com- 
petitively inhibited by these substituted pyri- 
midines (Table II, Fig. 1). This inhibition of 
C. fasciculata shows patterns closer to the 
in vivo results with plasmodia obtained by the 
other workers mentioned, and diverges from 
the results with bacterial test systems. The 
bacterial systems had failed to distinguish be- 
tween pyrimidine No. 1 (“Daraprim”), an 
extremely potent antimalarial, and pyrimidine 
No. 2 which has only moderate clinical value 
(Table III). 

The failure of quinine or atabrine to antag- 
onize either folic or folinic acid under our 
experimental conditions indicates, as had been 
reported(8,9), that these drugs interfere with 
a system other than the folic acid. 

Discussion. The site of action of antifolics 
is more accessible to analysis in organisms re- 
quiring folic acid exogenously. In our unpub- 
lished experiments, growth of crithidia in the 
presence of limiting folic acid was sensitively 
influenced by other metabolites whose metab- 
olism was linked to that of folic acid, e.g., 
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purine ribosides, thymine, and amino acids 
such as threonine, methionine, and serine. De- 
tails of these interactions will be reported 
elsewhere. 

Since plasmodia requires PABA(10), and 
all members of the Trypanosomidae thus far 
studied require folic acid or closely related 
compounds(11), these requirements may 
point to vulnerable sites for attack by chemo- 
therapeutic agents. Pathogenic trypanosomes 
differ widely in sensitivity to drugs. The bio- 
chemical differences underlying these species- 
to-species and strain-to-strain variations in 
susceptibility to chemotherapeutic agents may 
have parallels in various non-pathogenic mem- 
bers of this group (such as the strain used in 
this work) which differ obviously from each 
other in morphology and nutrition. 

The effectiveness of antimalarials is claimed 
to correlate with their ability to inhibit adeno- 
sine-induced auriculoventricular block in rab- 
bits(12). Our preliminary experiments indi- 


TABLE II. Antimalarials as Antagonists to Folic 
Acid in Crithidia. Antagonism measured as reduc- 
tion in final growth (growth expressed as optical 


density). 
Folie acid 
0.05 ug % 0.5 ug % 

———— Drug in pe Y ——— Optical density 
No addition 90 ol 
Quinine (calculated wl 94 aE 
as free base) ile 1.18 al 
1000. 1.18 a, 

Atabrine (Quina- all 92 1.22 

crine HCl) ae 1.30 1.30 

10. 1.20 1.28 

100. 1.22 1.26 

1000. 1.14 1.32 

Pyrimidine No. 1* 1. 60 92 
3 D2 als 

10 0) 96 

30. 0 72 
100. 0 0 

No. 2 1 92 82 

3 65 78 

10. 33 76 

30. 0 74 

100. 0 74 
300. 0 0 

No.3 3. 66 89 

10. 62 1.02 

30. 26 72 

100. 0 88 

300. 0 24 
1000. 0 0 


* Commercially known as ‘‘Daraprim.’? 
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TABLE III. Inhibitions of Various Organisms by Substituted Pyrimidines. Results for each organism 


are relative with pyrimidine No. 8 arbitrarily set at 1; 


the other values represent multiples of this 


standard. See references in Table for experimental detail. 


Pyrimidine Plasm odium — Plasmodium Crithidia Streptococcus Lactobacillus Leuconostoc 
No. bergei(6)  gallinaceum(6) fasciculata — faecalis(7) casei(7) citrovorum* (6) 
1 285.7 150. 33.3 12.5 0.89 7 
2 185.7 30. 10. 12.5 1.2 2.7 
3 1.0 1.0 1.0 1.0 1.0 1.0 


“Felton and Niven(13) showed that ‘‘L. citrovorum’? is actually a typical strain of Pediococcus 


cerevisiae. 


cate that effective drugs interfere with the 
utilization of adenosine by crithidia, for which, 
under certain conditions; adenosine or guano- 
sine are the only compounds which satisfy 
the nucleic acid component requirement(2). 
Whether this unusual specificity of ribosides 
is linked with the special role assigned to 
adenosine as an antagonist of antimalarials 
remains to be seen. 

Summary. Crithidia fasciculata is competi- 
tively inhibited by several 2,4-diaminopyrimi- 
dine antagonists of folic and folinic acids. 
These in vitro inhibition patterns obtained in 
a chemically defined medium parallel the or- 
der of relative drug activities obtained in 
other laboratories on animal infections by any 
of several species of plasmodia. Poor cor- 
respondence exists, however, between bacterial 
inhibitions im vitro and inhibitions of plas- 
modia in vivo by these pyrimidines. The 
results suggest that this flagellate may be 
preferable to bacteria hitherto used for pre- 
liminary in vitro evaluation of antimalarials. 
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Tyrosinase in Frozen Sections and Fragments of Mouse Skin.*' (20804) 


Morris FOSTER AND ROBINSON COOK, JR. 


(Introduced by J. S. Nicholas.) 


From the Osborn Zoological Laboratory, Yale University. 


The study reported here grew out of efforts 
to account for differences in results obtained 
by previous histochemical studies of enzy- 
matic pigment-formation (dopa reactions) in 
normal mammalian skin(1,2) in contrast to 
more recent ones in which tyrosinase activity 
was demonstrated by various methods(3-6). 
It is important to account for these differences 
because of conflicting conclusions which could 
be drawn concerning the physiological genetics 
of mammalian coat-color pigmentation. For 
this reason it was considered necessary to 
attempt new histochemical demonstrations of 
tyrosinase activity in frozen sections and frag- 
ments of normal mammalian skin. 

Materials and methods. The mouse geno- 


type used was the triple homozygous recessive 
for pink eye, brown and maltese dilution 
Genes pp (pink eye) and brown 


(ppbbdd). 


(bb), either separately or in combination, do 
not cause any marked diminution in dopa 
oxidase activity although they do cause a 
drastic reduction in amount of hair pigmen- 
tation(7,8). The dilution factor (dd) reduces 
neither enzyme activity nor amount of pig- 
ment, but acts as a pigment clumping factor, 
resulting in a lighter appearing hair(7,8). 
Thus low background pigmentation and high 
enzyme activity should permit ready observa- 
tion of newly formed pigment. The dorsal 
skins of 7-day-old mice were prepared by 
freezing and grinding as previously described 
(4), or sectioned at 30 » on the freezing 
microtome. Incubation of skin samples was 
carried out at 38°C in 1% or 2 ml of M/10 
phosphate buffer, pH 6.8 (incubated con- 
trols), or in the same volume of buffer contain- 
ing L-tyrosine at a concentration of 0.5 mg/ 


IG. 1, Relatively discrete pigmentary details in hair bulbs of control skin fragment (Gneubated 
in buffer for 20 hr) (x 112). 


* These studies were supported by an institutional 
research grant from The American Cancer Society 
and by The National Science Foundation. 

t We are indebted to Dr. L. C. Strong and to Dr. 
E. S. Russell for kindly furnishing the genetic ma- 


terial; to Dr. S. C. Shen and Mrs. Phyllis Greenfield 
for help in histological technic and photomicrography ; 
and to Mrs. Grevilda S. Trembly for technical assis- 
tance. 
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FIG. 2. Obliteration of discrete pigmentary details by newly formed pigment in hair bulbs of 
skin fragments incubated in tyrosine (20 hr) (x 112). 


ml, in vessels of 5 ml capacity. The amount 
of skin incubated varied from a few fragments 
or sections to approximately 1% dorsal skin 
prepared as fragments or sections. As a check 
against the possibility that incubated control 
samples might undergo some darkening due to 
utilization of endogenous substrate, an addi- 
tional control in the form of frozen, but un- 
incubated, skin was prepared. After incuba- 
tion, 3 hours in the case of the sections, 20 
hours in the case of the fragments; the skin 
samples were fixed in 1:10 formol-alcohol 
(20 minutes), dehydrated in absolute alcohol 
(20 minutes), cleared in toluol (at least 20 
minutes) and mounted in Permount (Fisher 
Scientific Co.). 

Results. The darkening of both sections 


and fragments in tyrosine was apparent on 
gross examination. The tyrosine incubation 
media containing large amounts of skin de- 
veloped a brown color. Even the skin 
samples incubated in buffer underwent a 
slight darkening as compared with the un- 
incubated controls. Microscopic examination 
of hair bulbs under low power magnification 
revealed that the discrete pigmentary details, 
so readily apparent in the case of the con- 
trols (Fig. 1 and 3), tended to become oblite- 
rated when the skin was incubated in tysosine 
(Fig. 2 and 4). In these experimental cases 
many hair bulbs showed a dense oval mass of 
dark brown-black pigment, and when large 
amounts of skin were incubated, the peripheral 
portions of the hair bulbs, not normally 
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FIG. 3. Hair 


bulb pigmentary details in unincubated frozen skin sections. T 


Ys 


he skin was folded 


before sectioning so that 2 attached sections are shown (xX 52). 
> 


Shs 


FIG. 4. Obliteration of pigmentary details by newly formed pigment. in hair bulbs of frozen 
skin section (incubated in tyrosine for 3 hr) (X 52). 


colored, took on the appearance of a brown 
region surrounding the brown-black central 
mass. 

Although, on gross examination, skin incu- 
bated in tyrosine appears to undergo uniform 
darkening, microscopic examination reveals a 
good deal of variability. Thus an apparently 
uniform darkening is better described as a 
shift of the hair bulb population average in 
the direction of heavier pigmentation. 


We also have observed that frozen sections 
of skin take up oxygen as well as do frozen 
fragments on incubation in tyrosine. 

Discussion. The new demonstrations of 
tyrosinase activity reported here provide a 
basis for reconciling conflicting results and 
interpretations reported in the very recent and 
earlier studies cited above. Use can now be 
made of a variety of attacks for determining 
enzyme activity. Frozen sections are especial- 
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ly favorable for histological observation, 
while oxygen consumption measurements are 
independent of the amount of pigment already 
present in the hair bulbs at the beginning of 
an experiment. Independent checks on the 
enzymatic behavior of a given type of skin 
are therefore possible. 

Summary. New histochemical demonstra- 
tions of tyrosinase activity in frozen sections 
and fragments of normal pigmented mouse 
skin are described. These demonstrations pro- 
vide a basis for reconciling apparently con- 
flicting results and interpretations arising from 
earlier studies, in which tyrosinase activity 
was not demonstrated, and later studies, in 


which this enzyme was readily demonstrated. 
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Interference Phenomenon of Browning and Gulbransen in Experimental 


Infection of Mice with Trichomonas vaginalis. 


(20805) 


R. J. SCHNITZER AND Dorotuy R. KELLY. 
From the Chemotherapy Laboratories, Hoffmann-La Roche, Inc., Nutley, N. J. 


The interference phenomenon of Browning 
and Gulbransen(1), 7.e., the antagonism of 
the trypanocidal dye stuff p-rosaniline hydro- 
chloride toward 3,6-diaminoacridinium-10- 
methochloride (Acriflavine) has been _pri- 
marily studied in trypanosomal infections 
with p-rosaniline resistant(1) and normally 
sensitive trypanosomes(2,3). According to 
Wright and Hirschfelder(4) the antagonism 
can also be demonstrated im vitro using the 
growth inhibiting activity of the dye stuffs 
toward yeast cells (S. cerevisiae). It could 
be expected that other organisms as long as 
they were sensitive to both the triphenylmeth- 
ane and the acridine dye stuff would also 
show the interference. The pathogenicity of 
Trichomonas vaginalis for mice(5) and the 
response of this infection to local administra- 
tion of p-rosaniline HCl and Acriflavine sug- 
gested an attempt to demonstrate the thera- 
peutic antagonism of the 2 dye stuffs in the 
trichomonad infection. 

Materials and methods. The strain of 
T. vaginalis was the same as that used in ear- 
lier experiments(5-7). Overnight growth in 
CPLM medium(8) was used in all instances. 
White mice from one colony were infected 


subcutaneously on the ventral side with 0.5 
ml of a culture diluted to contain 500000 
parasites as ascertained by actual count in a 
hemocytometer chamber. This dose repre- 
sented at least 10 minimal infective doses. 
After 2 hours the marked site of the infection 
was injected locally with 1 ml of different 
dilutions of aqueous solutions of p-rosaniline 
hydrochloride and this was followed by a local 
injection of 1 ml of Acriflavine solutions at 
the same site after another interval of 2 hours. 
Control series with p-rosaniline alone and 
Acriflavine alone as well as groups of un- 
treated mice were included in every experi- 
ment. Four days after the infection the mice 
were sacrificed, autopsied, and examined 
microscopically for presence or absence of 
active trichomonads. 

Experimental. It had been found in pre- 
liminary experiments that p-rosaniline HCl 
and Acriflavine exerted a marked activity if 
administered locally under the experimental 
conditions described above. Acriflavine is one 
of the most active anti-trichomonad agents 
which is evident from the low CD59 of ap- 
proximately 12 pg/ml. The corresponding 
CDs of p-rosaniline HCl was 162 pg/ml. 
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TABLE I. Interference Phenomenon with p-rosan- . 

iline HCl and Acriflavine in the Subcutaneous 

Infection with Z. vaginalis. Infection: 500000 

parasites/mouse. Therapy: Local treatment with 

different doses of p-rosaniline and a constant dose 
(25 wg/ml) of Acriflavine. 


p-rosan- Acri No. of 
iline, flavine, No.of mice % positive 
pg/ml 25 ng/ml tests Neg Pos mive 
100 — 6 0 48 100 
100 ob 6 5 48 89.6 
50 a 5 6 28 82.4 
25 + + 11 17 60.7 
12.5 + + 8 24 75.0 
6.25 + 2 14 2 12.5 
3.125 oh 2 15 il 6.25 
as an 8 3 7 ied 
= = 8 0 56 100 


The variation in this type of experiments was 
as a rule +30%. 

In the interference experiments inactive 
doses of p-rosaniline HCl, namely 100 pg/ml 
or less, were given while a constant active 
dose of Acriflavine, 25 »g/ml was used. The 
intervals of 2 and 4 hours after the infection 
were selected arbitrarily but are based on 
earlier experience in trypanosome experi- 
ments. The results of the experiments which 
are compiled from 2 to 8 tests with groups of 
6 to 10 mice for the different dosages are 
given in Table I. 

From the data in Table I it is evident that 
inactive doses of. p-rosaniline hydrochloride 
markedly interfered with the effect of Acri- 
flavine 25 pg/ml, a dose which otherwise 
controlled the trichomonad infection in about 
90% of the cases. By the preceding adminis- 
tration of p-rosaniline in doses of 12.5 to 100 
»g/ml the effect of Acriflavine was reduced to 
such a degree that dependent on the dose of 
p-rosaniline about 60 to 90% of. the mice 
treated with the combination of dye stufis 
showed the characteristic abscesses containing 
numerous active parasites. Smaller doses of 
6.25 pg/ml or less did not antagonize the 
effect of Acriflavine. All untreated animals 
showed abscesses with numerous active para- 
sites. 


INTERFERENCE PHENOMENON 


These observations seemed to indicate that 
the interference phenomenon of Browning 
and Gulbransen cannot only be demonstrated 
in trypanosome infections but equally well in 
the experimental trichomoniasis of mice. In 
one additional experiment the effect of graded 
doses of Acriflavine was titrated with and 
without previous administration of a constant 
inhibiting dose of p-rosaniline hydrochloride 
(50 pg/ml). In presence of the antagonist 
the CDs) of Acriflavine was 35.5 pg/ml, 
whereas the CDs» of Acriflavine alone was 
8.8 g/ml. No attempt has been made in the 
present study to analyze the mechanism of the 
interference. It seemed permissible to as- 
sume that in trichomonads as it was in the 
case of trypanosomes(9) and yeast cells(4) 
the adsorption of p-rosaniline by the parasite 
cell prevented the binding of Acriflavine 
which is essential for the anti-parasitic effect. 

Summary. It was demonstrated that in ex- 
periments with mice infected with 7. vaginalis 
a local treatment with inactive doses of 
p-rosaniline hydrochloride markedly antago- 
nized an active dose of Acriflavine. The in- 
terference phenomenon of Browning and Gul- 
bransen applies, therefore, also to T. vaginalis. 
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Urinary Excretion of Corticosteroids and Neutral 17-Ketosteroids 


in Adult Female Dogs. 


(20806) 


Howarp E. TEwEtt, JR. AND SMITH FREEMAN. 


From the Department of Biochemistry, Northwestern University Medical School, Chicago, II. 


Chemical assays on urinary excretion of 
17-ketosteroids in the dog are few(1-3) and 
studies of corticosteroid output by dogs are 
virtually nonexistant(4). In an investigation 
in which the crude urinary extract was frac- 
tionated with Girard’s reagent-T, Glenn and 
Heftmann(3) found that normal dogs of 
either sex excreted less than 1 mg of neutral 
17-ketosteroids per day. They found no in- 
crease in excretion of these compounds follow- 
ing administration of ACTH. No figures on 
the 24 hour excretion of corticosteroids in the 
dog have been published, to the authors’ 
knowledge. 


The present study was undertaken to estab- 
lish more clearly the normal range of steroid 
excretion by female dogs and the extent to 
which this excretion was modified by factors 
generally recognized to influence adrenal hor- 
mone production or metabolism. 


Method. Healthy adult female dogs were 
maintained on a stock diet, kept in metabolic 
cages and their urine collected using thymol 
as a preservative. All animals were catheter- 
ized at the beginning and end of each 24 hour 
period. The fresh urine was adjusted to pH 
1 with concentrated HCl, an aliquot placed 
in a Hershberg-Wolfe extractor(5), and ex- 
tracted continuously with redistilled methyl- 
ene chloride for a period of 20 hours to obtain 


maximum yield(6). The methylene chloride 
containing the urinary extract was evaporated 
to about 50 ml, quantitatively transferred to 
a volumetric flask, and diluted to 100 ml. 
Twenty-five ml of the extract were transferred 
to a separatory funnel and 100 ml of re- 
distilled ether added. Subsequent purification 
was essentially that of Heard, Sobel, and 
Venning(4). After washing with alkali and 
water, the purified extract was evaporated to 
dryness and taken up in methanol. Aliquots 
of this solution were used for corticoid and 
17-ketosteroid estimation. Utilizing blue tet- 
razolium, estimation of reducing corticoster- 
oids was carried out as previously described 
(7) with one simplification: acid alcohol (80 
ml of methanol and 20 ml of concentrated 
HCl) was used instead of acid pyridine. The 
color of the reduced blue tetrazolium was not 
as long lasting as with pyridine but was stable 
for about one hour. The Zimmerman reaction 
with m-dinitrobenzene was used on extracts 
treated with Girard’s reagent-T for neutral 
17-ketosteroid assay(8). 


Results, normal values. Significant amounts 
of neutral 17-ketosteroids are excreted by nor- 
mal adult female dogs (Table I); the values 
are considerably lower than for adult human 
subjects(9-12). However, if expressed in 
terms of body weight, the daily excretion 


TABLE I. Urinary Excretion of Neutral 17-Ketosteroids and Reducing Corticosteroids by 
Normal Female Dogs. 


Reducing corticosteroid 


17-ketosteroid excretion excretion 
No. of Stand. No. of Stand. 
Dog wt specimens* Mean dev. specimens* Mean dey. 
21 8 24+ .80 Vah 1.3 + .30 
1} 6 1.6 + .63 4 1.3 + .30 
18 15 2el) =a 23 18 1.6 + .62 
14 12 2.3 + .63 
4 2.0 + .45 
16.5 9 1.2+ .42 
il (5) 10 2.7 + .59 14 1.8 + .49 
18 14 22+ .68 28 2.0 + .90 
Avg Par eas fl Ios Se 8 


* Excretion in 24 hr urine specimens expressed in mg. 


126 


Doc STEROID EXCRETION 


TABLE II. Effect of I.M. and I.V, AOTH on Urinary Exeretion of Neutral 17-Ketosteroids 
and Corticosteroids by Normal Female Dogs. 


17-ketosteroids, mg/24 hr 


Corticosteroids, mg/24 hr 


Total rc ~ — 
dose, Pretreat- Exer. during Pretreat- Excr. during 
Dog No mg/24 hr ment excr. treatment ment exer, treatment 

Sai Pe acoce 2.6 2.3 = = 
490 65 1.2 1.6 -— — 
492 70 aye 3.3 1.8 1.3 
496 75 2.5 lee == == 
1t 60 — — 2.4 4.0 
45 0 — -- Zea 2.8 
1t 25 2.2 4.0 2.2 6.3 
10 23 — — ileal 2.2 
20 == = — 3.6 
23 50 3.0 3.6 2.0 3.4 
30 — 4.3 == 5.6 
45 25 — -— 1.3 4.0 
25 — 2.6 6.0 
25 = a ao 
496 20 3.0 a= 2.6 3.3 
20 == 5) 4.8 
25 —_ 5.0 — 6.1 


* Intramuse. inj. every 24 hr. 
hr intray. drip. 


+ Continuous 24 hr intramusce. drip. 


t Continuous 24 


TABLE III. Effect of a Single Injection of Cortisone on Urinary Exeretion of Neutral 17- 
Ketosteroids and Corticosteroids by Normal Female Dogs. 


17-ketosteroids, mg/24 hr 


Corticosteroids, mg/24 hr 


Total dose, Pretreat- Exer. fol- Pretreat- Exer. fol- 
Dog No. mg ment excr. lowing inj. ment excr. lowing inj. 
23% 200 3.0 5.5 1.8 4.2 
200 —- 1.8 4.2 
=e. i 2.14 
200 — — 2.7 5.9 
a. a = 1.8} 
496+ 75 3.5 5.4 3.0 3.8 
100 a -- 23 2.8 
200 — — 2.2 1.2 


* Dog No. 23, intramuse. inj. 
24 hr following cortisone. 


would be quite similar to that of the adult 
human female, although somewhat more var- 
iable. The average excretion of neutral 17- 
ketosteroids for the 6 adult female dogs was 
2.1 mg/24 hr. The range of corticosteroid 
excretion was similar to that obtained by the 
same methods on adult human subjects(13). 
There was less daily variation than observed 
for ketosteroid excretion. The average excre- 
tion for blue tetrazolium reducing substances 
for seven dogs was 1.8 mg/24 hr (Table I). 
Effect of ACTH administration. Intermit- 
tent intramuscular injections of ACTH caused 
no detectable increase in 17-ketosteroid output 


t Dog No. 496, intray. inj. 


¢ Excretion during 2nd 


(Table Il). Continuous intramuscular infu- 
sions resulted in some elevation in the urinary 
corticosteroid level in one out of 2 dogs. 
Continuous intravenous administration of 
ACTH, however, caused a consistent rise in 
17-ketosteroid and corticosteroid excretion. 
The increase in 17-ketosteroid output was 
never greater than 180% of the pretreatment 
excretion, whereas corticosteroid output was 
increased from 210 to 330% following L.V. 
AGTH. 

Effect of cortisone (Table III). Intramus- 
cular and intravenous administration of corti- 
sone was followed by some increase in 17- 
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TABLE IV. Hepatic Bloodflow and Reducing 
Corticoid Excretion in the Dog. 


Time, Corticoid R.B. dye 
Dog IPO); excretion,  clear- 
No. Procedure days mg/24hr  anee|| 
45 Normal AS See a 
Kek fistula 5- 40 3.0 ( 3) 41 
41— 77 1.166 9) 38 
93-128 oy ( S)) 39 
Control 63 82 (( 1) 
LV. ACTHt 63— 99 3.4 ( 4) 
Control 129 5) (CA) 
I.V. ACTH? 129-130 .65( 2) 
Control 76 ier (C 20) 
I.M. cortisones Tht rats}. (( “aly) 
496 Normal -—— 2A (CIB) 105 
Reverse Hek 8- 71 .91(14) 85 


( ) No. of determinations from which avg 
value was obtained. 

+16 mg/24 hr (Armour preparation). 

¢ 45 mg/24 hr. 

§ 335 mg, I.M. 

|| Rose Bengal dye clearance(17). 


ketosteroid excretion in the 2 dogs studied. 
The effects of I.M. cortisone injection on cor- 
ticosteroid output were irregular in one animal 
while I.V. administration of this hormone had 
no effect on corticosteroid excretion in a sec- 
ond animal. 

Effect of operative procedures on corticoid 
excretion. Bloodflow through the liver was 
reduced and increased by Eck and reverse Eck 
fistula formation respectively. A reduced 
bloodflow through the liver did not signifi- 
cantly alter corticoid excretion for the first 
40 days in the animal studied (Table IV). 
However, as the animal became debilitated, 
the corticoid excretion declined. The response 
to ACTH was similar to that of a normal 
animal until the health of the animal declined, 
at which time there was essentially no re- 
sponse to ACTH even though administered in 
larger doses than previously. Formation of a 
reverse Eck fistula was associated with a re- 
duced corticoid excretion which remained at 
approximately half the normal value during 
the 71 days of observation. This animal re- 
mained in good health throughout the period 
of observation. 

A few other miscellaneous observations were 
made on corticoid excretion in the dog. One 
dog that normally excreted an average of 1.3 
mg of corticoids daily excreted 0.3 mg after 
adrenalectomy while receiving 1 mg of DOCA 


1a) 


daily. One hypophysectomized male dog ex- 
creted 0.65 mg of corticoids daily one year 
after hypophysectomy. Common bile duct 
obstruction and diverting bile excretion into 
the urine did not significantly alter the 24 
hour excretion of corticoids in the urine of 
one dog. A comparison of corticoid excretion 
following intrasplenic and intramuscular in- 
jections of cortisone gave inconclusive results 
on one dog with an exteriorized spleen. 

Discussion. Female dogs excrete a substan- 
tial amount of corticosteroids in their urine. 
Spontaneous daily variation is small enough 
so that significant increases or decreases in 
corticosteroid output may be recognized with 
reasonable accuracy. 

The normal values for 24 hour excretion of 
17-ketosteroids reported here are higher than 
those obtained by Glenn and Heftmann(3). 
This difference is most probably due to the 
fact that their extraction time was limited to 
1.5 hours. Pincus and Romanoff(6) have 
shown that, so far as corticosteroids are con- 
cerned, 4 hours of extraction will result in a 
35% yield of the potential maximum. 

Intramuscular ACTH did not produce con- 
sistent elevations in 17-ketosteroid or corti- 
costeroid output. However, intravenous AC- 
TH caused increased excretion of both groups 
of steroids. 

The relatively small increases in urinary 
reducing steroids following large doses of cor- 
tisone indicate that this substance is largely 
altered in the normal animal prior to excre- 
tion. 

The effect of adrenalectomy on the excre- 
tion of tetrazolium reducing substances in 
urine suggests that most of the material in- 
cluded in this estimation was adrenal in origin. 
Similar results have been obtained on adrenal 
insufficient human subjects using the same 
method(13). The urine of dogs contains vit. 
A in quantities up to 450 I.U. per 100 ml(14) 
which reduces phosphomolybdic acid(15). In- 
vestigation has shown that with the present 
method of corticosteroid estimation, errors due 
to vit. A reduction will be less than 2%. 

Alteration of the blood supply to the liver 
and splenic injections of cortisone give no 
clear evidence concerning the role of the liver 
in the metabolism of corticosteroids(16) al- 
though the reduced excretion following reverse 
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Eck fistula in one animal suggests that the 
liver must play a part in the degradation of 
these hormones. No evidence was obtained 
that reducing steroids are excreted in the dog’s 
bile. 

The reduced excretion of corticosteroids 
that eventually occurs in the Eck fistula ani- 
mal can best be explained on the basis of 
debility and inanition which developed dur- 
ing the postoperative period of study. 

Summary. Normal values for neutral 17- 
ketosteroids and reducing corticoids have been 
presented for adult female mongrel dogs. 
Stimulation of the adrenal glands of the dog 
by continuous intravenous infusion of ACTH 
increased both the reducing corticoid and neu- 
tral 17-ketosteroid excretion. Additional ob- 
servations are reported regarding factors that 
influence the excretion of reducing corticoids 
by the adult female dog. 
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In a previous study(1) it was shown that 
the development of resistance in strains of 
staphylococci and in a strain of entero- 
coccus to penicillin (Pen), streptomycin 
(S) or erythromycin (E) in vitro could be 
depressed and delayed by repeated subcultures 
in the presence of combinations of E with 
either Pen or S. Further observations(2) 
with strains of staphylococci and certain strep- 
tococci repeatedly subcultured in Pen, S, E, 


* Aided by a grant from the U. S. Public Health 


Service. 


oxytetracycline (Terramycin, “T”) and color- 
amphenicol (C) and in 8 additional pairs of 
these antibiotics confirmed these findings and 
indicated further that: 1) the rate and degree 
of resistance which developed against indi- 
vidual antibiotics to which the organisms were 
exposed varied with the antibiotics and some- 
times with the strain of organism; 2) sub- 
cultures on the pairs of antibiotics resulted in 
increased resistance to the homologous mix- 
ture, but usually of lower degree than against 
tHe individual components when used separ- 
ately; 3) when increases in resistance to the 
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TABLE I. Sensitivity of 6 Parent Strains of E. coli to Antibiotics Singly and in Certain Pairs. 
: Minimum inhibiting concentration, pg/ml 
Ss) C T P s§+C S+T C+T S+P O+P +P YA INE ee dB EK 
a ies A «1000 

6.3 6.3. 6.3 16 3143.1 6343.1 3.1416 634.8 63+.8 6341.6 12.5 3.1 200 15 =100 
6.3 25 1.6 6.3+6.3 aa 6.3+3.1 a % u sales 2 200 
6.3 6.3 8 a - 3.1+1.6 “ 3.1+.4 3.14 8 ” ” 400 e 41 
6.3 12.5 8 4 a i ae 6.3+1.6 25 6.3 200 ¥ s 
es 6.3 Bail fd Jy 72 6.3+.8 ” ” ” ” ” ” 
6.3 o5 1.6 ”? ”? 6.3+3.1 ”? ” ” ” ” ”? ” ” 


S = streptomycin; C — chloramphenicol; T = Terramycin (oxytetracycline) ; P = polymyxin B; A = 
Aureomycin (chlortetracycline) ; N — neomycin; Pen = penicillin; B — bacitracin; E =: erythromycin. 


homologous individual components differed 
appreciably, the increase in resistance which 
developed against the pair corresponded more 
closely to that of the antibiotic which alone 
produced the smaller change; and 4) increases 
in resistance to the individual components of 
a mixture resulted from repeated exposures to 
the combination, but these increases were gen- 
erally of smaller magnitude than those which 
developed against the same antibiotics when 
used separately. The present report deals 
with further extensions of these observations 
to strains of Escherichia coli using S, T, C 
and polymyxin B (Aerosporin, “‘P”’) separate- 
ly and in mixtures of all 6 possible pairs. 
Materials and methods. ‘The 6 strains of 
E. coli used in this study were recently iso- 
lated from the blood or urine of patients and 
identified by Marion E. Lamb of the Mallory 
Institute of Pathology. The polymyxin B 
(Aerosporin) was furnished by Dr. Donald S. 
Searle of Burroughs Wellcome & Co.; the 
other antibiotics were similar to those em- 
ployed in the previous studies(1,2). Heart 
infusion agar (Difco), pH 7.2, was used 
with and without the incorporation of serial 
2-fold concentrations of the antibiotics, singly 
and in combinations; pairs of antibiotics were 
always used in a constant ratio for each pair, 
the proportions being determined by the rela- 
tive sensitivity of the parent strains to the 
respective antibiotics. The serial subcultures 
and tests for sensitivity and cross-resistance 
were carried out as in previous studies(1-3). 
Results. Resistance to homologous anti- 
biotics. The sensitivity of the 6 parent strains 
of E. coli to all of the antibiotics used in this 
study are listed in Table I. It is seen that 
the antibiotics used in the various combina- 
tions exerted no important synergistic or an- 


tagonistic effects on the parent strains. In 
general the minimum inhibiting concentra- 
tion (M.I.C) of each of the antibiotics in the 
combinations was the same as that of the 
component which was most active, except for 
mixtures C + T and C + P which appeared 
to be approximately additive, i.e., about ™% 
the M.I.C. of each of the components was 
required when they were used together. The 
changes in the M.I.C. of the homologous anti- 
biotics resulting from 20 successive subcul- 
tures on agar containing S, C, T or P, indi- 
vidually or in pairs, are depicted in Fig. 1 
and 2. There were some individual varia- 
tions among the strains in the rate and degree 
to which resistance increased. Marked and 
rapid increases in resistance occurred regu- 
larly with S and C; increases in resistance to 
T also occurred in all strains but these were 
of smaller magnitude, while little or no in- 
creases in resistance to P occurred, except in 
strain 2. The increases in resistance to homo- 
logous pairs of antibiotics were most marked 
with C + T and only slightly less with S + 
C; only small increases in resistance or none 
at all resulted from the subcultures in each 
of the other 4 combinations. 

Resistance and cross-resistance to individual 
antibiotics. The changes in resistance to 
individual antibiotics that resulted from the 
20 subcultures of each of the 6 strains of 
E. coli in 8, C, T or P, separately and in pairs, 
are listed in Table II. No significant changes 
in sensitivity or resistance to Pen, bacitracin 
(B), or E resulted from these subcultures; 
the results of the tests with these antibiotics 
are, therefore, not listed in this table. The 
exposures to S alone resulted in slight in- 
creases in sensitivity of most of the strains 
to C, T and chlortetracycline (Aureomycin, 
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FIG, 2. Resistance to polymyxin combined with streptomycin, chloramphenicol, or oxytetracy- 
cline and to each antibiotic individually. 


Ww a 1 


ANTIBIOTIC RESISTANCE OF E. coli 


131 


TABLE IT. Changes in Sensitivity of FE. coli after Subcultures on Antibiotic-Containing Media.* 
SS 


Antibiotic 
used in E.coli, | ——-—— Antibiotic (s) on which strain was subcultured 20 times ————_, 
testst strainNo. § C ap Po S+C. S++ CT S3-P Cp) pep 
Ss 1 16 2) il 1 4 800 1 2 1 1 
2 800 YW, wy 2 800 800 % 40 VY Ww 
3 32 1 % il 4, 16 7) 8 1 1 
4 800 wy % 1 800 8 1 8 op) al 
5 800 VY. % il 16 160 1 32 Wy wy 
6 80 VY 1 4% 800 8 il 2 Vw Y% 
GC 1 1 128 + il 8 1 128 1 2 8 
2 vi 64 4 vA 64 2 64 WY 4 2 
3 Ww 64 2 &% 4 1 64 1 4 1 
4 A 64 8 1 64 if 64 il 4 8 
5 % 64 2 1 8 4 64 VY 8 4 
6 Ww 64, 8 % 32 2 64 1 2 2 
ty 1 VY, SoG 1 il 2 16 YY, 4 2 
2 VY 8 8 il 2 il 32 Vy 4 2 
3 WY 2 SMG 1 i 8 Yo 2 2 
4 W% 4 8 1 2 1 32 % 1 2 
5 MW 8 8 1 2 1 8 UY 1 2 
6 WY 4 16 i 2 2 32 1 1 2 
2 1 1 VY 1 2 1 il 1 % 4 1 
2 1 YU 1 32 2 1 2 1 il 8 
3 Io ul 1 1 1 Y% 1 2 1 
4 2 2 al 4 2 aL 2 2 8 1 
5 N55 1 2 1 2 ih 1 1 
6 %Mw % 1 2 1 a 1 1 Ye 2 
A 1 1 64 8 1 4 4 16 % 2 2 
2 y, 8 8 1 4 2 16 Y% 8 2 
3 Y, 2 8 1 i 2 8 YW 2 2 
4 Ys 8 400. 2 1 i) 8 1 4 2 
5 VY 32 4 J 1 1 4 i} 2 2 
6 %y sy ile il 2 2 16 it he 4 
N it 32 Y, 1 1 1 4 WY 4 1 1 
2 2 1% Wy 2 2 8 1 ee) : : 
3 Pp Mi aN okt, 8 16 1 2 72 1 
4 eee.) eee es 2 4 i 2 1 il 
5 if yy i 1 8 a 1 2 1 il 
6 39 y, Y% 2 2 8 2 4 il 1 


* Expressed as quotient derived by dividing minimum inhibiting concentration (M.I.C.) of 
strain after 20 subcultures in the antibiotic by the M.I.C. of the same strain not previously ex- 
posed to antibiotic, when tested at the same time. 

+‘S= streptomycin; C—chloramphenicol; T— Terramycin (oxytetracycline) ; P= poly- 
myxin B; A= Aureomycin (chlortetracycline) ; N = neomycin. 


“A”’), no change in their sensitivity to P and 
cross-resistance of considerable degree in % 
of the strains to neomycin (N). The increase 
in resistance to C resulting from the exposures 
to that antibiotic was accompanied by cross- 
resistance of varying degrees to T and A and 
by some increases in sensitivity to S, P and 
N. The subcultures in T produced consider- 
able cross-resistance to C and A, but no 
changes (or slightly increased sensitivity) to 
S, P or N. Repeated exposures to P did not 
affect the sensitivity to any of the other anti- 
biotics. The effects of the subcultures in the 


pairs of antibiotics on the sensitivity of the 
strains to individual antibiotics varied con- 
siderably. The 3 combinations containing 
S all produced moderate or marked increases 
in resistance to that antibiotic; the combina- 
tion of S with C may have reduced but did 
not prevent the development of resistance to 
the latter, but resistance to T or to P did not 
result from the exposures to each of these 
antibiotics in combination with S.  Cross- 
resistance to N resulted irregularly from sub- 
cultures in each of the 3 combinations con- 
taining S, but the least change occurred when 
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TABLE III. Changes in Sensitivity to Pairs of 
Antibiotics Resulting from Subcultures in Both or 
Hach. 


Antibiotie(s) Antibiotics Changes in M.1I.C.* 


to which with which 

strain was strain was ——J. coli, strain No.— 
exposed tested Lie 2). 3° Fae Ome 0 
S S+C 4 1% 2 le ty 
C a 2 Ys 2 % iL 
S+C y 4 64 4 64 4 16 
8 S+T 4 ] 1% ily? al 
i fe Le) BOR PR ON ie i 
S+T 4 oy" Ae Se wae: 
C alti “SP i tse 2 ae 1 
T iy ne teh toy KG a 
C+T 4 WO ANG sy BP AK AKG 
S S+P eel i el ers 
Pp a Toe Se OS Se es 
S+P es 1 82) Oh 2 
Cc C+P A Pel Ala ae ellen 
P ee Ne Sel eT ley 
C+ P t eee ip meat yA ak 
4p T+P % lye ELS BOE ge 
ie 4 er aetlar ale il 3! 
T+P 3 Aa Sieh A BLES 2 


4 


* See footnotes to Table II. 


S was paired with P; some increase in sensi- 
tivity to T resulted from subcultures in the 
latter mixture. The combination C + T 
failed to prevent or depress the development 
of resistance to either of these agents. The 
strains exposed to C + P showed slight and 
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irregular increases in resistance to each of 
these agents separately and also to T and A 
but no effect on the sensitivity to any of the 
other antibiotics. Subcultures in T + P 
resulted in only minor and irregular increases 
in resistance to these agents separately and 
also some cross-resistance to C and A. 


Resistance to pairs of antibiotics. The 
changes in resistance to pairs of antibiotics 
which resulted from the 20 transfers in the 
homologous mixtures and in their respective 
components are listed in Table III. With 
minor exceptions, the sensitivity of each strain 
to the pairs of antibiotics was not altered by 
the exposures to the single constituents of the 
mixtures except in the case of the strains 
which had been subcultured in either C or T; 
almost all of these strains increased in resist- 
ance to the mixture of these 2 antibiotics. 


Effect of antibiotic exposures on morpho- 
logic and biochemical characteristics. All of 
the strains which had been subcultured on 
agar containing antibiotics, singly or in pairs, 
were transferred 1 or 2 times on antibiotic- 
free broth and then studied simultaneously 
with their respective parent strains which had 
not been exposed to antibiotics. No changes 
were made out in the appearance of the dif- 
ferent strains in gram-stained preparations, 


TABLE IV. Summary: Resistance of E. coli Resulting from 20 Subcultures on Antibiotics, 
Singly and in Pairs.* 


Tested Subcultured 20 times in: 

witht S C T 1p S+C S+T C+T S84+P C+P T+P 
s aicete Os 0,— 0 aes SPE Se 0 pista 0 0 
G =) Ss + eres hee See 0 + 0,4 
T — +44 +,44+ 0 0 0 NS 0 eo 
iP. 0 — 0 O,-+ 0 0 0 0 04+ 04 
Sa Ce Ora 0 5 aba 

SiT 0+ 0, 

O-+T +,t++ +,++ apa 

S-+-P 0 0, 0, 

C-+P 0,+ 0 0,+ 
SP 0 y ies 
A 0— +++ +4+ 0 OF TOT a 0 aoe eno, 
N 0-+ ae = 0 Shel aE 0 OE 0 a 
Peng | 

B 0 0 0 0 0 

B i 0 0 0 0 0 


* Changes in resistance as compared with inhibiting concentration of parent strain not 


previously exposed to antibiotic and tested simultaneously ; 


these changes are expressed as 


follows: 0 = no significant change, 1.€. quotient described in footnote to Table IT is 1%4 a Otees 
pig 8-fold increase in resistance; +-+ = 16-fold or greater increase in resistance; — — 
more sensitive, 1.¢. requiring 44 or less of original inhibiting concentration. 


t See footnote Table I. 
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nor in the appearance of the colonies which 
they formed on heart-infusion agar and on 
eosin-methylene-blue agar. All of the strains 
failed to utilize citrate, and showed negative 
Voges-Proskauer and positive methyl-red 
tests. Tests for penicillinase production were 
done by a method previously employed with 
Staph. aureus(4). E. coli strains 2 and 3 
produced penicillinase in these tests while 
the other 4 did not; this was true of both the 
parent strains and those which had been sub- 
cultured in the antibiotics singly or in pairs. 
In order to visualize more clearly the 
changes that have been described, the results 
shown in Tables II and III are summarized 
in Table IV. 


Summary and conclusions. The data pre- 
sented confirm and extend the observations 
previously made with staphylococci and some 
streptococci using other antibiotic combina- 
tions. For £. coli, and within the limitations 
of the methods employed, it was shown that 
following repeated subcultures in pairs of 
antibiotics, resistance generally developed 
more slowly and to a smaller degree than 
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when the same organisms were exposed to the 
same antibiotics individually. There were 
wide variations, however, depending mainly on 
the antibiotics used, but perhaps also with the 
strain of organism.  Cross-resistance to neo- 
mycin frequently accompanied increases in 
resistance to streptomycin resulting from ex- 
posure to the latter, alone or in combinations. 
Likewise, cross-resistance to oxytetracycline 
and chlortetracycline from exposures to chlor- 
amphenicol and to chloramphenicol and chlor- 
tetracycline following subcultures on oxy- 
tetracycline accompanied the development of 
resistance to the homologous antibiotic, 
whether present alone or paired with another 
agent. 
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During attempts to produce injury to 
collagen in the mouse by subcutaneous injec- 
tions of homologous collagen incorporated in 
the Freund-type of adjuvant, it was noted 
that deposits of amyloid occurred in certain 
tissues of the animals. Subsequent studies 
revealed that collagen played no role in the 
induction of amyloidosis and that the injury 
was due to the adjuvant. The Freund-type 
of adjuvant has been shown to enhance in the 
animal host circulating antibody formation 
against a variety of antigens(1) and to poten- 


* Aided by grants from the National Institutes of 
Health, U. S. Public Health Service, and The Helen 
Hay Whitney Foundation. 


tiate the production of allergic encephalitis 
(2). Another reaction to this adjuvant has 
been the development of amyloidosis.  Al- 
though numerous reports have appeared in 
which this type of adjuvant has been used in 
many animal species, amyloidosis has been 
reported only in the duck following injection 
of killed malarial parasites combined with 
paraffin oil and killed tubercle bacilli(3). 
Experimental amyloidosis has been induced in 
several species of animals with diverse ma- 
terials but only after long periods of treat- 
ment and with highly variable incidence. The 
observation that repeated injections of ad- 
juvant induce amyloid in the mouse may offer 
a more efficient method of inducing amyloid- 
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osis for the study of the pathogenesis of this 
disease in the experimental animal. 


Materials and methods. W-Swiss, H-line 
micet of both sexes 6 to 9 weeks old, weighing 
15 to 20 g were employed. Their diet was 
made up of “Big Dog” pellets, water, bread 
and milk. The adjuvant was prepared as 
previously described(4), and consisted of a 
water-in-oil emulsion in which killed micro- 
organisms were suspended. The oil phase 
consisted of an autoclaved mixture of 1.5 cc 
of Arlacel At (Mannide monoleate), an emul- 
sifying agent, and 8.5 cc of Bayol F,S a paraf- 
fin oil of low viscosity; in this mixture were 
suspended 8 mg of killed and dried M. 
butyricum, or Nocardia asteroides,|| or Group 
A streptococci,! type 6, strain S43/101/7. 
The aqueous phase consisted of 30 cc of 
1-10000 dilution of acetic acid** in distilled 
water. As the latter was added by drops to 
the oil phase it was emulsified by repeatedly 
filling and emptying a syringe in the mixture, 
no needle was attached to the syringe. The 


emulsion was stored for several weeks at 4°C 


without evident separation. The mice were 
injected subcutaneously or intramuscularly 
at 7-day intervals. Untreated paired litter 
mates sacrificed simultaneously with the ex- 
perimental animals served as controls. The 
tissues were fixed in 10% neutral formalde- 
hyde, embedded in paraffin, and stained with 
hematoxylin and eosin, congo red, and, in 
some instances, with crystal violet for meta- 
chromasia. Specimens of liver and spleen 
were treated with Lugol’s solution and _ sul- 
furic acid for amyloid. 


Pathologic findings. No deaths occurred 


+ Obtained from the Rockefeller Institute for Medi- 
cal Research. 

+ Distributed by the Atlas Powder Co., Wilming- 
ton, Del. 

§ Distributed by the Stanco Distributors, New 
orks NGnys 

|| M. butyricum and Nocardia asteroides were kind- 
ly supplied by Dr. Jules Freund of Public Health 
Research Institute, City of New York. 

{ Group A streptococci kindly supplied by Dr. 
R. C. Lancefield of the Hospital of the Rockefeller 
Institute. 

** Acetic acid was used as a solvent for the col- 
lagen, but it is not essential. 
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during the experimental period. All animals 
were sacrificed 7 days after the last injection. 
The spleen and liver were usually found to 
be greatly enlarged, and in many instances 
the kidneys appeared large, pale and waxy. 
Gross specimens of spleen, liver, and kidney 
failed to give the characteristic stain for 
amyloid with Lugol’s solution and_ sulfuric 
acid. The spleen was 3 to 4 times normal in 
size and firm with a tense capsule. The 
Malpighian corpuscles were grossly visible 
and the cut surface had a glassy appearance. 
Microscopic examination showed the loss of 
normal architecture and a homogeneous 
acidophilic deposit surrounding the corpuscles. 
This material was also found in the walls of 
the central arterioles, beneath the capillary 
endothelium of the follicles and walls of the 
vascular sinuses (Fig. 1). These deposits 
showed the characteristic congo red stain for 
amyloid. The red color was less intense than 
in human material employed as a control. 
The crystal violet stain for metachromasia 
was characteristic: the amyloid stained red- 
violet and tissue blue. The livers of the 
treated mice were enlarged, firm, pale and the 
cut surface appeared glassy. The amount of 
amyloid was less than in the spleen. It was 
most extensive in the sinusoids of the lobules 
between the endothelial and liver cells, re- 
sulting in pressure atrophy of the latter. 
Periportal round cell infiltration was also 
prominent in many of the sections. Amyloid 
was also found in the hepatic arteries and 
branches of the portal veins (Fig. 2). The 
involved kidneys were enlarged, pale, waxy, 
and almost bloodless. On cut section, 
the corticomedullary junction was _ lost. 
The capsules were not adherent and the sur- 
face was smooth. Microscopically, the striking 
features were the marked dilation of the 
tubules, often appearing as multiple cystic 
areas and the dilation of Bowman’s space of 
the glomeruli (Fig. 3). The tubular epithelium 
was atrophied and the tubules contained col- 
loid casts but no inflammatory cells. The glo- 
merular capillary loops were ischemic and 
larger arteries were free of blood. Amyloid 
deposits were found in the medulla near the 
papilla where it occurred in the capillary walls 
beneath the endothelium. The tip of the 
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Microscopie appearance of mouse tissues after 10 weekly injections of Freund-type adjuvant. 

FIG. 1. Section of spleen showing perifollicular infiltration of amyloid. x 90. 

FIG. 2. Section of liver with moderate infiltration of amyloid and compression atrophy of 
hepatic cells. x 90. 

FIG. 3. Section of kidney showing marked dilation of tubules, atrophy of tubular epithelium, 
colloid-like casts, and some interstitial fibrosis; glomeruli show little blood, small deposits of 
amyloid, and dilation of Bowman’s space. x 100. 

FIG. 4. Section of kidney showing necrosis of tip of papilla with de 


posits of amyloid lining 
capillary walls. x 75. 
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papilla was necrotic (Fig. 4). The glomeruli 
were only slightly involved by amyloid but 
patches of it were demonstrated by crystal 
violet staining. The interstitial tissue showed 
no evidence of acute inflammatory reaction 
but small areas of fibrosis were found in some 
instances. No obstruction was found in the 
ureters. 

The injection sites did not ulcerate and 
appeared as encapsulated areas containing 
material similar to that injected which on 
culture revealed no growth. In those animals 
showing amyloid, the spleen was invariably 
involved; the liver less frequently; and the 
kidney lesion was never observed unless there 
was involvement of both liver and _ spleen. 
Amyloid was not found in other organs. Al- 
though studies were not made for plasma cells 
in all tissues, no foci of these cells were found 
in bone marrow sections. In 40 control litter 
mates neither amyloid nor renal lesions were 
found, nor have these lesions occurred spon- 
taneously in older mice of the W-Swiss H- 
line as observed in Strain A mice by Gorer 
(5) and by Dunn(6). 

Production of amyloid by various com- 
ponents of the Freund adjuvant. Since the 
Freund-type of adjuvant consists of 3 differ- 
ent components, an oil, emulsifying agent, and 
killed mycobacteria, it seemed of interest to 
determine which of these components were 
essential for the production of the amyloid. A 
group of 30 mice was injected with 0.2 cc of 
whole adjuvant every 7 days for 10 injections 
and killed 7 days after the final injection. 
Of this group 29 mice (Table I) showed 
amyloidosis; the spleen was involved in all 
and the liver in 16; the renal lesion occurred 
in 16. When the emulsifying agent, Arlacel 
A, and the paraffin oil, Bayol F, were em- 
ployed in 10 mice under similar conditions 
no amyloid deposits or renal lesions were seen. 
This finding suggested that the killed WM. 
butyricum were essential. However, M. bu- 
tyricum alone also failed to induce amyloid- 
osis. When M. butyricum was suspended in 
either Arlacel A or Bayol F, amyloid and the 
renal lesion did appear but the incidence was 
less than when the complete adjuvant was 
employed (Table I). It seemed desirable to 
determine whether or not some other micro- 


TABLE I. Incidence of Amyloidosis and Renal 
Lesion in Mice Injected with Components of 
Freund-Type Adjuvant. 


No. of mice showing 


No.of — — 
mice ———Amyloid— Renal 
Material inj. used Spleen Liver lesion 
Arlacel, Bayol, & 30 29 16 16 
M. butyricum 
Arlacel & Bayol 10 0 0 0 
M. butyricum 10 0 0 0 
Arlacel & M. 10 6 6 il 
butyricum 
Bayol & M. bu- 10 5 5 2 
tyricum 
Arlacel, Bayol & 20 13 13 4 
N. asteroides 
Arlacel, Bayol & 20 3 0 0 


Group A strep- 
tococeci, Type 6, 
Strain $43/101/7 


bial agent which had acid fast properties 
similar to the mycobacteria might be effective 
in inducing amyloidosis. Nocardia asieroides 
was selected because this organism has been 
shown to potentiate sensitization(7). Of 20 
mice treated 13 showed amyloid of the spleen 
and liver; and 4 the renal lesion (Table I). 

It was also of interest to determine whether 
bacteria without acid fast properties, such as 
Group A streptococci, had the capacity to 
induce amyloid when combined with the paraf- 
fin oil and emulsifying agent. Group A strep- 
tococci, type 6, strain S43/101/7 were em- 
ployed in combination with Arlacel A and 
Bayol F. Of 20 mice injected 3 developed 
amyloid in the spleen; the liver and kidney 
were not involved. 

Time of appearance of amyloid. To deter- 
mine approximately when the amyloid first 
could be detected 20 mice were injected 
weekly for from one to 10 weeks with the 
complete Freund adjuvant employing M. bu- 
tyricum, and 2 mice were killed each week, 
7 days after the last injection. Amyloid first 
appeared in the spleen following the 4th in- 
jection, All mice receiving more than 5 in- 
jections had amyloidosis. The amount of 
amyloid in the tissues increased with the 
number of injections. The renal lesion was 
not observed in this series until after the 10th 
injection. These results are in contrast with 
those of the caseinate method employed in 
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other studies(8-12) for which at least 30 in- 
jections over a 6-week period are required for 
the earliest deposition of amyloid. Whether 
the number of injections or the time interval 
is most important for amyloid deposition is 
not answered by this experiment; but earlier 
workers(9,11,12) employing the caseinate 
method, observed that both the number of 
injections and duration of administration 
rather than the quantity of material intro- 
duced are the significant factors. 


Summary. A method has been described 
for the induction of amyloidosis in mice by 
injection of the Freund-type adjuvant. The 
M. butyricum, or oil and emulsifying agent 
alone were not effective. M. butyricum with 
either the oil or emulsifying agent was capable 
of inducing amyloid. JN. asteroides or Group 
A streptococci could be substituted for M. 
butyricum but the incidence of amyloidosis 
was less. 
with previous ones, requires fewer injections, 


Heat Studies on a Thermophilic Bacteriophage.* 


The present method, as compared . 


1s7 


and it produces a higher incidence of amyloid- 
osis in a shorter time. 
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ROBERTA WHITE, CARL E. GEORGI, AND WALTER MILITZER. 


From the Departments of Bacteriology and Chemistry, University of Nebraska, Lincoln. 


Inactivation of bacteriophage by heat has 
been observed by several investigators, and 
seems to be a general phenomenon(1-3). Nan- 
avutty(2), who exposed coli-dysentery phage 
to various temperatures and Smith and Krue- 
ger(3), employing vibrio-phage, found that 
their respective phages were not inactivated 
at a constant rate; heat inactivation curves 
(50° to 65°C) obtained by them were con- 
cave and became asymptotic with the time- 
axis. In contrast, the inactivation of a 
staphylococcus phage at various temperatures 
followed a monomolecular reaction and the 
temperature coefficient was characteristic of 
protein denaturation (4). 

Koser(5,6) isolated a thermophilic phage 
from sewage-polluted river water and observed 


* Aided by a grant from the Division of Research 
Grants and Fellowships, U. S. Public Health Service. 


the optimum temperature for the lytic activ- 
ity of the virus to be about 50°C, its ability 
to lyse the host at 57° to 58°C, its survival 
at 70°C for 30 minutes, and its destruction at 
75°C. Heat resistance tests demonstrated that 
despite activity at higher temperatures, the 
phage was inactivated at about the same 
temperature (70° to 75°C) as the coli-dys- 
entery phages. A thermophilic phage studied 
by Adant(7) was found to be active at 52°C, 
but was destroyed at 75°C when exposed for 
30 minutes. 


Recently we isolated from green house soil 
a bacteriophage capable of lysing a thermo- 
philic bacterium at 65°C. Because the virus 
was active at high temperatures, heat inactiv- 
ation studies were made since it was thought 
that it might be more resistant to heat than 
phages thus far reported. This investigation 
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was made to determine the rate at which the 
virus was destroyed and the temperature at 
which no further lytic activity was demon- 
strable. 

Materials and methods. The host organism 
is a thermophilic bacterium designated No. 
10 in a group of bacteria isolated from the 
hot springs of Yellowstone National Park and 
characterized by Marsh and Larsen(8). The 
optimum temperature for growth of this or- 
ganism is 65°C, the same temperature at 
which the virus exhibits maximum activity. 

The phage lysate was prepared in Trypti- 
case broth (20 g Trypticase | Baltimore Bio- 
logical Laboratory] per liter, at pH 7.0). The 
lysate was allowed to ripen for a few days in 
the refrigerator, then centrifuged at 4000 
r.p.m. for 20 minutes to remove bacterial 
debris and finally passed through an ultrafine 
sintered glass filter. (When a Berkefeld filter 
was used, the titer of the filtrate was reduced 
50%.) 

Because of the high temperatures employed, 
a constant temperature oil bath was used in 
these studies. Small test tubes were pre- 
warmed at the desired temperature and 0.5 ml 
aliquots of the lysate were introduced into 
these tubes which were immediately returned 
to the bath. At one-half hour intervals, 
samples were removed and diluted at once 
with Trypticase broth to stop the action of 
the heat. The residual active phage was de- 
termined by plaque count using the agar 
layer technic. Because of the higher tempera- 
ture of incubation, 2.0% Trypticase agar was 
used in the plates and 0.9% to 1.0% Trypti- 
case agar in the layer. An unheated aliquot 
was always plated simultaneously with the 
heated aliquots to determine the activity of 
the phage at the start of each run. Three 
runs were made at each temperature on con- 
secutive days. 

Resuits. The phage lysate was exposed to 
temperatures which ranged from 70°C to 
100°C to determine the rate of inactivation 
as well as the temperature at which there was 
no further evidence of phage activity. When 
the logarithm of residual active phage was 
plotted against time of heating (Fig. 1), it 
was observed that straight lines were not ob- 
tained, indicating that inactivation did not 
follow a unimolecular reaction. 
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FIG. 1. Heat inactivation of a thermophilic bac- 
teriophage in a broth lysate at pH 7.0. 


At 70°C there was no appreciable decline 
in activity. After an exposure of two hours 
at 75°C, there remained about 340000 phage 
particles capable of producing plaques as com- 
pared to one hundred million per ml at 70°C. 
Two hours at 80°C reduced the number to 
13000. 

At 100°C there were but 50 plaques per ml 
detectable after the phage was exposed for 
thirty minutes with complete inactivation at 
the end of one hour. At temperatures of 85°C, 
90°C and 95°C most rapid inactivation oc- 
curred during the first half hour, after which 
time the rate decreased quite markedly. 
Plaque-producing phage particles observed at 
0.5 hour were 35000 at 85°C and 6000 at 
95°C, while at the end of two hours there 
still remained 3500 and 1000 respectively per 
ml. 

A precipitate was observed in the lysate 
within a few minutes after heating at 95°C. 
Its significance and character were not inves- 
tigated. Even after the precipitate appeared, 
the phage was still active after a two hour 
exposure at 95°C. This would indicate that 
the substance precipitated exhibited little or 
no protective effect on the phage. 

It was.also noted that after exposure to the 
higher temperatures (85°C to 95°C) the 
plaques were considerably larger than at 65°C 
to 80°C, otherwise they appeared to be the 
same. 

Discussion. It can be concluded from the 
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data presented in the graph that the rates of 
inactivation of this thermophilic virus are 
very similar to those of the phage systems 
reported by Nanavutty(2) and Smith and 
Krueger(3). However, the temperatures at 
which the phage becomes susceptible to in- 
activation are much higher than those of the 
other reported phages. The virus is quite 
stable at 70°C but above this temperature 
the curves become concave. The most rapid 
inactivation occurs in the first half hour at 
temperatures above 80°C with a decided de- 
crease in rate for the remainder of the period. 
There is no evidence of plaque formation 
after exposure to 100°C for 60 minutes and 
the virus is assumed to be completely de- 
stroyed. 

This virus begins to be inactivated at about 
75°C, at which temperature the thermophilic 
phages reported by Koser(5,6) and Adant(7) 
were completely destroyed. These data bear 
out the hypothesis that the virus used in this 
investigation is more heat resistant than any 


139 


previously reported. 

Summary. A thermophilic bacteriophage 
has been isolated which is inactivated by heat 
at a rate which is not constant but decreases 
with time. The phage remains viable after 
two hours exposure at 95°C, but is destroyed 
at 100°C, indicating that it is much more 
heat resistant than phages previously reported. 
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Blood Eosinophil Levels in the Young and Adult Pyridoxine-Deficient Rat. 
(20810) 


Liniian C. BUTLER* AND AGNES Fay Morcan. 
From the Home Economics Department, University of California, Berkeley. 


The 24-hour rhythm of the blood eosino- 
phils has been shown to synchronize with the 
24-hour cyclic variations of the urinary excre- 
tion of ketosteroids(1,2) as well as with that 
of the blood lymphocytes(1,3). These cor- 
relations with currently accepted indices of 
adrenal function make possible the use of the 
blood eosinophil levels taken at a_ specific 
phase in their rhythm as an additional index 
of adrenal activity. A characteristic eosino- 
phil level may be established for any species 
and strain provided constant conditions are 
maintained(1,4). 

In the present experiment, the blood eosino- 
phil levels of the pyridoxine-deficient male rat 
were determined throughout the progress of 
the deficiency. In order to evaluate the role 


* Public Health Research Fellow of the National 
Institute of Arthritis and Metabolic Diseases. 


of inanition in these changes, pair weighed 
and normal controls were also studied. 


Materials and methods. Young animals. 
To develop an early and severe pyridoxine de- 
ficiency(5), on the 15th day of age litters were 
divided into 3 groups. One-third of the males 
were placed with lactating mothers receiving 
a pyridoxine-deficient ration (Table I) and 
the remaining males were left with mothers 
receiving the same diet containing pyridoxine. 
On the 21st day of age the young animals were 
placed in individual metabolic cages. Three 
groups of 8 animals per group were fed as 
pyridoxine-deficient, pair weighed and ad 
libitum. The young animals received a high 
protein diet (Table I) which resulted in a 
more severe pyridoxine-deficiency than lower 
protein levels would have induced. A com- 
plete vitamin mixture (Table I) was fed 3 
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TABLE I. Purified Diets Fed to Lactating Moth- 
ers, Young, and Adult Rats. 


Lactating Young Adult 

Constituents mothers ratst ratst 
% > 
Casein 36 50 24 
Hydrogenated vege- 4 5) 10 

table oil 

Salt mix (5) 4 4 4 
Suerose 54 41 62 
Vit. B mixture* 1 0 0 
Vit. A & D oilt 1 0 0 


* Hach kg of diet fed to mothers supplied the 
following vitamins in mg amounts: thiamine hy- 
drochloride, riboflavin, pyridoxine, and folie acid, 
2.0 each, calcium pantothenate and para-aminoben- 
zoic acid, 10 each, niacin amide, 6.7, inositol, 250, 
biotin 0.27, and choline, 500. 

+ Each kg of diet contained the fat soluble vita- 
mins in the following amounts: vit. A, 10000 I.U., 
vit. D, 1000 I.U., and mixed tocopherols, 100 mg, 
dissolved in 9 g of cottonseed oil. 

t+ Water soluble vitamins dissolved in 20% 
aqueous ethanol and supplied each rat daily the 
following amounts in mg: thiamine hydrochloride, 
riboflavin, pyridoxine and folic acid, .02 each, cal- 
cium pantothenate and para-aminobenzoie acid, .10 
each, niacin amide, .07, inositol, 2.5, biotin, .002, 
and choline, 5.0. Vit. A and D and mixed tocoph- 
erols were dissolved in vegetable oil and were sup- 
plied separately in amounts of 1000 I.U., 100 I.U. 
and 3 mg/rat/wk. 


times weekly in individual cups; the deficient 
group received no pyridoxine in this mixture. 

Adult animals. Adult male stock rats at an 
average age of 103 days were divided into the 
3 groups mentioned above containing 8 ani- 
mals each. They were given a diet contain- 
ing 24% casein (Table I). The deficiency 
condition was induced by the addition of 30 
mg of desoxypyridoxine per kg diet mixed 
directly into the ration of the deficient group 
and by the omission of pyridoxine from their 
vitamin mixture. Eosinophil counting tech- 
nic. In young rats eosinophil counts were de- 
termined at weekly intervals for 9 weeks. In 
adult rats the circulating eosinophil levels were 
observed at irregular intervals from the 25th 
to 46th day. The eosinophil counts of 8 ani- 
mals per group were used in the young and 
adult series. Blood was drawn from the tail 
vein into a white blood pipette to the 0.5 mark 
and diluted with phloxine eosinophil diluent 
(6). If a variation of greater than 10% 
occurred between counts of duplicate pipettes, 
the values were discarded. For young rats, 
both chambers of a Levy hemocytometer, and 
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for adult rats, one chamber of a Fuchs-Rosen- 
thal hemocytometer were counted for each of 
the 2 pipettes per animal. In order to elimin- 
ate diurnal variations all counts were com- 
pleted during the hours of 9:00 a.m. and 
12:00 noon in the same room in which the 
animals were housed in order to maintain the 
environmental conditions as constant as pos- 
sible(4). 

Results. Young animals. The average 
body weight gain at the termination of 9 
weeks on the regimen was 68% for the de- 
ficient and pair weighed groups, whereas, the 
ad libitum group gained 450% above their 
respective weights on the 21st day of age. In 
the deficient animals acrodynia appeared in 
the 3rd and 4th weeks. Xanthurenic acid was 
detectable in the urine from the 14th to 16th 
day on the regimen. The rapidly growing 
ad libitum animals (Fig. 1) showed a continu- 
ous steep ascent of the circulating eosinophils 
from the Ist week with 27 + 5 per mm® to 
268 + 38 per mm? in the 8th week when no 
further rise in the level occurred. In con- 
trast, the deficient and pair weighed groups. 
had a comparable but gradual rise in the 
eosinophil levels throughout the course of the 
experiment. The last two mentioned groups 
showed lower eosinophil levels (p = or <.01) 
than did the ad libitum group. First evidence 
of these depressed levels was observed in the 
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deficient group at the start of the 4th week 
and in the pair weighed group at the beginning 
of the 3rd week. ‘These significantly lower 
circulating eosinophil levels continued for the 
duration of the experiment. 

Adult animals. The adult deficient and 
pair weighed groups lost 29% while the ad 
libitum group gained 3.5% of their initial 
body weight during the 8 weeks on the dietary 
regimen. Signs of acrodynia appeared within 
2 weeks and progressively became more severe. 
On the 25th day of the experiment (Fig. 2) 
the eosinophil levels of the 3 groups were 
equal (p = .3 to .7). The ad libitum group 
showed no significant rise differences in the 
blood eosinophil levels throughout the period 
of observation. On the other hand, the eosino- 
phil levels in the deficient and pair weighed 
groups were characterized by an equal and 
gradual fall until significantly lower levels 
(p = or <.01) occurred simultaneously on 
the 33rd day and continued to remain low 
through the 46th day. 

Discussion. These findings show that dur- 
ing rapid growth the eosinophil level in young 
normal animals ascends steeply until the 63rd 
day of age. In contrast, normal adult animals 
whose growth was insignificant maintained a 
constant eosinophil level for the duration of 
the experimental period. Clearly then, growth 
alone in the normal young rat caused an in- 
crease in the number of blood eosinophils. 

An equal degree of endogenous eosinopenia 
gradually occurred in the young and adult 
pyridoxine-deficient animals as compared with 
their respective pair weighed controls. Inani- 
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tion in the young calorie-restricted animals, 
whose growth was markedly retarded, pro- 
duced a greater fall in the circulating eosino- 
phils than it did in the adult animals similarly 
restricted. From these results it is inferred 
that inanition, not pyridoxine deficiency per 
se, was the specific cause of the eosinophilic 
leucopenia. Studies of chronic inanition have 
usually demonstrated a normal or hyperfunc- 
tional adrenal(7-9) although adrenal hypo- 
function has been reported by one group of 
workers(10). During calorie restriction in 
rodents, a greater amplitude without a shift 
of the 24-hour eosinophil rhythm (7), a greater 
deposition of liver glycogen under the influ- 
ence of hypoxia(8), and a gradual develop- 
ment of a lymphopenia(9) are supporting evi- 
dences of a functional as well as a hyperfunc- 
tional adrenal. We also have demonstrated 
previously(11) that pair weighed and _ pyri- 
doxine-deficient rats were capable of eosino- 
penic responses to stimuli equal to those of 
their ad libitum controls. 


The depression of the circulating eosinophils 
in the pair weighed and deficient young and 
adult animals in the experiment here reported 
probably indicated an equal and augmented 
secretion of the adrenal 11-oxysteroid hor- 
mones comparable to that seen in cases of an 
endogenous eosinopenia(12). Since experi- 
ments were not performed on adrenalecto- 
mized animals, it is impossible to state cate- 
gorically that the depression of the eosinophils 
was mediated solely by the adrenals. 


Summary. The blood eosinophil levels of 
pyridoxine-deficient and pair weighed young 
and adult male rats were of the same order 
of magnitude and were significantly lower 
throughout the experiment than those of full- 
fed normal controls. These findings indicated 
that inanition alone was the cause of the 
chronic endogenous eosinopenia, therefore, ex- 
cluding lack of pyridoxine per se as the agent. 
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(Introduced by R. W. Schayer.) 


From the Rheumatic Fever Research Institute, Northwestern University Medical School, Chicago. 


Previous workers(1,2) have found that the 
products of the action of fibrinolysin (plas- 
min) on fibrinogen and fibrin are of high 
molecular weight. In the method of Ungar 
and coworkers(3) for the assay of fibrinolysin, 
unchanged fibrinogen is precipitated as fibrin 
and the material remaining in the filtrate is 
measured. If the fibrinogen is precipitated 
with trichloroacetic acid (TCA), the reaction 
products are precipitated along with the un- 
changed fibrinogen and cannot be found in 
the filtrate. Similarly, the soluble material 
formed by the action of fibrinolysin on fibrin 
is largely precipitable by TCA. The action 
of rennin upon casein is similar in some re- 
spects to that of thrombin upon fibrinogen. 
After exposure to the action of fibrinolysin if 
unchanged casein is precipitated with rennin, 
there is more soluble material present than 
when the casein is precipitated with TCA. 
These observations confirm the conclusions 
of previous workers(1,2) that the product of 
the action of fibrinolysin consists of proteins 
or peptides of high molecular weight. 

Methods. The buffer in all cases was that 
of Ungar and coworkers(3) consisting of 0.15 
M phosphate (sodium salts) of pH 7.4 in 0.1 
M NaCl. Solutions of 0.1% bovine fibrinoly- 
sint and 0.2% bovine fibrinogen (Armour) 
in buffer were made up daily as needed. 


* This study was supported by a grant from the 
U. S. Public Health Service. 

+ We are indebted to Dr. E. C. Loomis of Parke, 
Davis and Co. for this preparation. 


Casein (Pfanstiehl) was dissolved in sufficient 
buffer to give a 2% solution by heating 10 
minutes at the temperature of boiling water, 
cooled, made up to the original volume with 
distilled water, and filtered. It was stored in 
the refrigerator as long as one week. Throm- 
bint was used as a solution in isotonic saline 
containing 300 units per ml. It was stored in 
the frozen state for periods up to 2 weeks. 
Rennin (Nutritional Biochemicals) was dis- 
solved in distilled water as needed to give a 
0.1% solution. Fibrinolysin was assayed for 
its activity for fibrinogen and fibrin by the 
method of Ungar e¢ al.(3). Activity for casein 
was determined similarly using rennin as the 
coagulant. The substrate (1.0 ml of 2% solu- 
tion) was acted on by various concentrations 
of fibrinolysin in a total volume of 4.5 ml of 
buffer. After one hour at 37°C sufficient 0.1 
M citric acid (1.1 ml) to bring the pH to 
about 5.3 and 0.1 ml of rennin solution were 
added. After 10 minutes at 37°C, the pH 
was adjusted to about 4.8 (0.3 ml of citric 
acid). The pH’s were chosen to approximate 
the optima found by Lundsteen(4) for en- 
zymatic action of rennin on casein and for 
coagulation of the product. After 30 minutes 
at 37°C the precipitates were filtered, and 
the optical density of the filtrates was read 
at 280 mp against blanks without casein. 
Readings were corrected for the reading on 
casein with fibrinolysin absent. Although the 
isoelectric point of casein was approached at 
pH 4.8 and its solutions became milky in 
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TABLE I. 
eeaeaNjonnjleleqo750“tEgzaeaw"an“=<xX~X— 
_ Optical density change 
in filtrate/mg fibrinolysin/hr 
Thrombin 


or rennin TCA 
coagulation precipitation 
Substrate method method Ratio 
Fibrinogen eral 013 131.5 
Fibrin L106 022 4.8 
9 
oO 


Casein .248 076 One 


appearance, no coagulation occurred when 
rennin was absent. 

To determine activities using TCA as pre- 
cipitant, substrate was incubated with enzyme 
for one hour at 37°C under the above condi- 
tions. Sufficient TCA was then added to give 
a final concentration of 5%. After 30 min- 
utes the precipitates were filtered off and the 
filtrates read at 280 my against blanks with- 
out enzyme. Experiments on each substrate 
were run simultaneously using aliquots from 
the same solutions of enzyme and substrate 
and varying only the method of precipitation 
of protein. Activity appeared to be linear 
with enzyme concentration over the range 
investigated in each case. Differences in 
range of enzyme concentration and time of 
incubation depending on the substrate and 
the method of precipitation were necessitated 
by the limitations of the spectrophotometer. 
Fibrinogen was incubated with 0-0.4 mg of 
fibrinolysin for 20 minutes when it was pre- 
cipitated with thrombin, whereas it was in- 
cubated one hour with 0-3.0 mg of enzyme 
when it was precipitated by TCA. The en- 
zyme was assayed for activity on fibrin at 
levels of 0-2.0 mg, the incubation time being 
one hour. When unchanged casein was pre- 
cipitated with rennin fibrinolysin was assayed 
at levels of 0-1.0 mg, compared to a range of 
0-3.0 mg when TCA was used. When TCA 
was the protein precipitant the final volumes 
were 6.3 ml for fibrinogen and 6.6 ml for 
fibrin, rather than 6.0 ml, as in all other cases. 
Optical density differences were corrected to 
allow for the additional dilution. 

Results. Table I gives the average change 
in optical density of filtrate per hour per milli- 
gram of fibrinolysin. It can be seen that 
the products of the action of fibrinolysin on 
fibrinogen, which are non-coagulable by 
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thrombin, are almost entirely precipitated in 
5% TCA. They must therefore consist of 
peptides of high molecular weight. They 
could not be differentiated from fibrinogen by 
paper chromatography or paper ionophoresis 
under several conditions, and _ preliminary 
light scattering measurements indicate that 
their average molecular weight is of a com- 
parable order of magnitude to that of fibrino- 
gen. As the fibrinolysin preparation is not 
homogeneous, the very small amount of 
product which is soluble in TCA may result 
from proteolytic activity of a contaminating 
enzyme upon fibrinogen or the initial reaction 
products. Several authors(5-8) have found 
evidence for a multiplicity of enzymes with 
peptidase, proteolytic, or fibrinolytic activity 
in various blood sera. 

The activity of the enzyme for casein and 
for fibrin is of a different magnitude than its 
activity for fibrinogen. Ungar and coworkers 
(9) have already demonstrated this difference 
in activity for fibrinogen and fibrin. This 
may be because of a difference in affinity of 
the enzyme for these substrates or because 
they are acted on by an enzyme present as a 
contaminant in low concentration. The in- 
solubility of fibrin may also account for the 
relatively poor activity of the enzyme. The 
products from fibrin, as determined by lysis, 
and from casein, as determined by non- 
coagulability with rennin, are largely precipi- 
tated by TCA, as shown in Table I. How- 
ever, about 20% of each product is soluble 
in 5% TCA, if the reaction rate can be as- 
sumed constant and linear with enzyme con- 
centration. The portion of lower molecular 
weight may result either from simultaneous 
splitting of smaller fragments from the orig- 
inal protein by the principal enzyme or an 
impurity, or by further splitting of the 
primary products. Several proteolytic en- 
zymes have been shown(10-13) to form 
primary products of high molecular weight, 
which are then broken down to smaller frag- 
ments. The action of fibrinolysin may well be 
similar in nature, except that the products of 
high molecular weight from fibrinogen do not 
readily undergo further reaction. 

Summary. By the action of fibrinolysin 
fibrinogen is converted to products which are 
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not coagulated by thrombin, but which are 
precipitated by TCA. The enzyme is much 
less active for fibrin and casein. The former 
is lysed to give a product only about 20% of 
which is soluble in TCA. The product from 
casein, which is not coagulated by rennin, is 
also largely precipitated by TCA, although 
soluble to the extent of about 20%. 
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L. J. MuLLINs AND C. T. GAFFEY. 


From the Biophysical Laboratory, Purdue University, Lafayette, Ind. 


One of the perplexing aspects of the action 
of narcotic agents on nerve has been noted 
by Laget et al.(1), by Bishop(2), and by 
Brink(3). This is the fact that while the 
lower alcohols of the paraffin series depolarize 
nerve before a conduction block ensues, the 
higher alcohols and many other narcotic agents 
block conduction before there is any detecta- 
ble depolarization. Indeed, there seems to be 
a slight increase in the membrane polarization 
associated with the action of the higher al- 
cohols and with cocaine. In order to investi- 
gate this problem in more detail, we have 
measured the depolarization produced by a 
variety of organic reagents, and we have 
attempted to explain the results obtained in 
terms of a model. 


Methods. In most experiments, bullfrog 
(R. catesbiana) sciatic nerves were used, al- 
though a few measurements were made on 
R. pipiens nerves. The general arrangement 
of the chamber for mounting nerves was simi- 
lar to that used by Lorente(4). In most 
cases, the depolarization produced by 0.11 M 


* Aided by a grant from the National Institute for 
Neurological Diseases and Blindness, Bethesda, Md. 


KCI at one region along the nerve was com- 
pared with the depolarization produced by an 
experimental solution at another region along 
the nerve. Such measurements permitted the 
calculation of a depolarization rate relative to 
the rate of KCl depolarization as a standard. 
Measurements were made with a recording 
potentiometer so arranged as to record the 
potential between the KCl-Ringer segment 
and between the narcotic agent-Ringer seg- 
ment at 16 sec. intervals. The sensitivity 
of this instrument with the nerve in the ex- 
ternal circuit was about 0.1 mV, and the cur- 
rent drawn at balance, 10° amperes. The 
usual technic for measurement was to mount 
a nerve, previously dissected and kept in 
Ringer solution for 2 hours, in the chamber 
with Ringer in all electrodes. This was a 
check for any initial depolarization. Next, 
KCl, 0.11 M was added to electrode 1. Ringer 
to electrode 2, and test agent dissolved in 
Ringer to electrode 3. Recording was ini- 
tiated, and continued usually for several 
hours after which all electrodes were changed 
to Ringer, and recording was continued to 
follow the course of repolarization. Through- 
out the course of the experiments, 95% Os- 
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20 60 100 140 MIN. 


FIG. 1. Depolarization produced by ethyl ether at 
various thermodynamic activities plotted against 
time. Dotted line gives time course of KCl de- 
polarization, measured on another segment of same 
nerve. At 160 min. solutions were changed to 
Ringer, and repolarization commenced. 


5% COz was allowed to flow slowly through 
the chamber. The ambient temperature was 
20 + 1°C, and the composition of the Ringer 
solution: NaCl 116 mM, KCl 2 mM, CaCl, 
1.8 mM. 
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FIG. 2. Depolarization produced by n-heptanol at 
various thermodynamic activities plotted against 
time. Dotted line gives time course of KCl de- 
polarization measured on another segment of same 
nerve. At 160 min. solutions were changed to 
Ringer, and repolarization commenced. 


Results. A series of experiments was un- 
dertaken to determine the time course of de- 
polarization produced by various organic sub- 
stances, viz. diethyl ether, dichloromethane, 
chloroform, acetone, dioxane, n-pentane, and 
n-heptanol, as compared with KCl. Fig. 1 
and 2 show some records for the depolarization 
produced by ether and by n-heptanol respec- 
tively at various concentrations. Table I 
gives a summary of the values obtained for 
other substances. The thermo-dynamic activ- 
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ity coefficients (y,, ee for sparingly water 
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soluble substances were computed by assum- 
ing a linear relationship between activity and 
saturation of an aqueous solution. Because 
the activities employed were generally high 
(greater than 0.5), this approximation is felt 
to involve no great error. For acetone, the 
activity at the various concentrations used 
was computed from vapor pressure-composi- 
tion data as given in International Critical 
Tables. For dioxane, activity figures were 
approximated from freezing point depression 
data (Mellan(5)). 


It appears clear that with the exception of 
n-pentane, which does not depolarize nerve, 
of chloroform which only rarely can produce 
a slight depolarization and n-heptanol which 
depolarizes at rather low values for the ther- 
modynamic activity, all other substances 
tested depolarize nerve appreciably only at 
concentrations representing a thermodynamic 
activity greater than 0.5. This figure is to be 
compared with the thermodynamic activity 
for nerve block, Anar = 0.05. Several feat- 
ures of the time course of depolarization are 
worth comment. The rate of depolarization 
by a saturated aqueous solution of ether is 
about 5 times faster than that produced by 
isosmotic KCl. Furthermore, the depolariza- 
tion produced by ether is not maintained, but 
declines gradually to about half its maximum 
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FIG. 3. On left is plotted optical density vs. wave- 
length for difference between a sol. containing 1.0 
M ether in Ringer, plus a frog sciatic nerve, as 
compared with a Ringer sol. containing a frog 
nerve. Curves were obtained after one hour’s im- 
mersion of nerve. Volume in both cases was 5 ml, 
and ether added to control Ringer sol. before 
measurement. On right, optical density plotted at 
255 my vs. time a 1 M ether sol. was in contact 
with nerve; curve is relative to a control nerve in 


Ringer. 
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TABLE I. Depolarization of Frog Nerve by Various Substances. 
Tnitial rate of de- 
—Coneentration—, polarization, mV/min. Ratio: 
Substance M/L A Nareotie KCl Narcotie/ KCl 
Ethyl ether 1.0 1.0 25 5 5 
1.0 1.0 2.0 4 5 
1.0 1.0 2.0 4 3 
1.0 1.0 Ee Bs) ) 
Rs) 8 sip 4 2 
15 75 0 4 — 
75 75 02 4 = 
75 15 07 4 = 
Dichioromethane 24 1.0 8 4 = 
.24 1.0 38 A 2 
.24 1.0 at 4 2 
19 s 49} D = 
1,4 Dioxane 2.5 B3 02 6 — 
2.5 3 05 5 a 
3.0 A 13 4 ) 
1.3 2 0 6 — 
Acetone Bee 4 mY) 4 ¥ 
3.0 3) 3) 2 1 
1.6 18 0 F3) — 
n-Pentane 005 1.0 0 4 == 
O05 1.0 0 4 = 
Chloroform O84 1.0 a0) 355 — 
n-Heptanol 0078 1,0 1.0 ae 2.5 
10) 1.0 af 1.4 
1.0 1.0 A 2.5 
1.0 ited A 2.6 
1.0 9 a is} 
65 8 3) 1.6 
oO 6 4 1.5 
pa) 6 4 Ai55) 
.LO m0) AK — 
O05 0 4 = 
value. Recovery from such depolarization periments are shown in Fig. 3 and in Table IT. 


is seldom complete, and after 2 hours there is 
a permanent depolarization about 5 mV below 
the initial level of the membrane potential. 
There is a rough equivalence between the 
initial rate of depolarization and the maximum 
value of the demarcation potential. The for- 
mer measurement has been taken by us as be- 
ing a more reproducible index of the action 
oi substances in producing depolarization. 

We have made some measurements in which 
a nerve was immersed in ether-saturated 
Ringer solution for some time, and a control 
paired nerve was kept in Ringer alone for the 
same period. The solutions were then placed 
in quartz cuvettes, and the ultraviolet absorp- 
tion curve of each determined, using ether- 
saturated Ringer as a blank in one case, and 
Ringer in the other. The results of such ex- 


In all cases where there was depolarization 
produced by an organic substance, there was 
in increased release of substances absorbing 
light at 255 mp». An observation such as this 
can be related to the report that frog muscle 
loses a great deal of nitrogenous material when 
it is first immersed in Ringer solution(6), and 
that this loss is decreased by raising the ex- 
ternal K* concentration and increased by 
anoxia. Since nerves depolarized in KCl do 
not show this increased release of material 
absorbing at 255 my, one may conclude that 
there is more than just a quantitative differ- 
ence between the depolarization produced by 
narcotic agents and by KCl. 

Discussion. The interpretation of the 
experimental results obtained presents two 
different problems. In the first, some explana- 
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TABLE IT. Effect of Organic Substances on Loss 
of Material from Nerve, 


% transmission 
at 255 my. Nar- 


Time of cotig minus 

treatment Ringer nerve 
Substance of nerve, hr Conec., M/L sol. 
KCl 18.5 eilal a} 
Pentane 18.0 .005 eS 
Dioxane 18.0 3.0 28.2 
Ether 1.0 HAG) 50.0 
Acetone 17.0 ee 35.8 
Acetone 3225 


EO) 3.0 


tion must be found for the fact that ether at 
0.75 M gives either a slight depolarization 
or none at all while at 1.0 M, it gives a de- 
polarization many times faster than that of 
KCl. Such an observation is in marked con- 
trast with studies on the kinetics of chemical 
reactions where inhibition or acceleration of 
the rate by various reagents takes place over 
a range of concentration of 2 log units. The 
second problem is to explain the markedly 
different concentrations (or activities) neces- 
sary for depolarization by the alcohols, as 
contrasted with less polar organic molecules. 
An explanation of the first point, namely the 
narrow range of concentration of aqueous 
solutions of ether that produce depolarization 
must lie in some physical change in such a 
solution as the concentration of ether is 
changed from 0.8 to 1.0 M. Such a change, 
taking place mainly in this concentration 
range, is the variation of the surface tension 
of the solution. Ether is not a particularly 
surface active substance, and low concentra- 
tions of ether in water have practically no 
effect on the surface tension of the solution. 
Dichloromethane has less, and chloroform 
even less surface activity; indeed a saturated 
aqueous solution of chloroform has a surface 
tension only 13 dynes/cm less than that of 
pure water. Pentane is completely without 
surface activity, while both dioxane and ace- 
tone are appreciably surface active only at 
very high aqueous concentrations. Fig. 4 
summarizes our measurements and correlates 
them with the surface tension depression pro- 
duced by the various organic reagents. If the 
depolarization produced by these substances 
were somehow related to the amount of each 
substance partitioned to the cell membrane, 
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we should expect(3) that they would all act 
at some constant value of thermodynamic 
activity. Actually, at an activity of 1.0, 
ether depolarizes rapidly and chloroform not 
at all. The alcohols, by contrast with these 
other agents, are surface active even at low 
concentrations and the interpretation of the 
depolarization produced by the alcohols will 
be more complex. 

The application of the notion of thermo- 
dynamic activities (Ana) in narcosis(7,8) has 
been very helpful in explaining the aqueous 
concentrations required for nerve block(3); 
the determination of the activities for the al- 
cohols in aqueous solutions is based on the 
data of Butler(9,10) who, however, has shown 
that the first 3 n-alcohols exhibit greater de- 
viations from ideality when dissolved in ben- 
zene, than when dissolved in water. This is 
also true in heptane(11). Since a constant 
thermodynamic activity for nerve block im- 
plies an ideality of behavior of the narcotic 
agent in the non-aqueous system to which it 
is supposed to be partitioned, it is apparent 
that one can expect anomalous behavior from 
the alcohols, in that higher aqueous activities 
will be required to produce a given mole frac- 
tion in the non-aqueous phase. Heptanol, 
which we have studied, behaves ideally enough 
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FIG. 4. Rate of depolarization, relative to KCl, 
plotted against aqueous concentration in moles/ 
liter of various organic substances. Lines repre- 
sent various thermodynamic activities for a par- 
ticular solute, and are intended to show that a 
certain concentration is required to produce de- 
polarization at any given activity. Superimposed 
ordinate AS.T ut o is the depression of surface ten- 
sion of water in dynes/em that a solution of 


given substance causes, at coneentration shown on 
abscissa. 
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so that conduction is blocked at Anay = 0.07 
while depolarization starts at Agep = 0.2-.3. 


The lower alcohols behave less ideally in ben- 
zene, and more ideally in water. For n-pro- 
panol, the activity coefficients in both benzene 
and water are the same, 15, while at the 
interface benzene:water it is probable that 
the C3H7-part of propanol has unit activity 
coefficient, as does the -OH part of the mole- 
cule in water. Such a notion finds confirma- 
tion in a study(12) showing that alcohols 
from Cg-Cy2. at equal concentrations show 
equal interfacial tension reductions at the 
benzene:water interface. The Traube rule 
does not hold for this interface, suggesting, 
indeed, that there is a constancy of activity 
coefficient from one alcohol to another. We 
might, therefore, expect that the alcohols will 
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FIG. 5. Dotted line X%2° represents aqueous con- 


centrations (as mole fraction) necessary for nar- 

cosis of frog sciatic nerve with various n-aleohols 

shown as abscissae. Dotted line X°%s"%6 represents 
har 


computed mole fractions in benzene that give nar- 
cosis. Data are from Laget et al.(loc. cit.). Solid 
line Xj, represents assumed mole fraction required 
for narcosis. Initial value is 0.003 and is constant 
through n-butanol. This places the points for meth- 
anol and ethanol below the necessary mole fraction 
for narcosis. Line X,., represents mole fraction 
necessary for depolarization of a certain degree. 
The point for methanol (open circles indicate 
aqueous mole fractions, solid circles benzene mole 
fractions) and the point for heptanol are experi- 
mentally determined. We are unable to compare 
the methanol with heptanol depolarizations directly, 
but curve is drawn parallel to abscissa on the as- 
sumption that tendeney to accumulate at 
aqueous:non-aqueous interface is a constant for 
all aleohols. Other X 4.) curves could be drawn, 
parallel and below the 0.03 mole fraction curve, 
these would represent lesser degrees of depolariza- 
tion. 
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show equal degrees of depolarization at equal 
aqueous concentrations, while narcosis will 
demand equal thermodynamic activity of the 
narcotizing molecules (as a first approxima- 
tion). Just how these various factors are 
related, is illustrated by Fig. 5, where we have 
combined the data of Laget(1) on depolariza- 
tion and narcosis of frog sciatic nerve, with 
our own for the depolarization produced by 
heptanol. The line Xa.) represents the con- 
stant aqueous mole fraction necessary for a 
depolarization of about 2 mV, the line X#20 


represents the aqueous mole fraction of the 
alcohols necessary for narcosis (conduction 
block). The curve Xora is the computed 


mole fraction of alcohol in benzene for each 
aqueous mole fraction. The line Xya, repre- 
sents the assumed threshold mole fraction re- 
quired for narcosis and is drawn constant to 
butanol, and then rises. Methanol and ethanol 
have non-aqueous mole fractions below those 
necessary for narcosis but both alcohols have 
aqueous mole fractions well above the non- 
aqueous. 

The data of Wilbrandt(14) on the effects 
of the dialkylamines on nerve depolarization 
suggest that surface activity of a compound is 
a factor of importance since dimethyl amine 
is without surface activity and does not de- 
polarize while diamyl amine is both surface 
active and is equivalent to K* in depolarizing 
power. Agents which are highly surface active 
such as the salts of fatty acids also depolarize 
(13) and unmyelinated fibers appear to be 
more easily affected than do myelinated fibers. 
The data in the literature, and our present 
observations are not inconsistent with the 
view that the depolarization of nerve fibers 
can be produced in three, experimentally dis- 
tinct, ways: (a) by anoxia, or metabolic 
poisons which, by interfering with sodium 
pumping, produce a slow depolarization; (b) 
KCl, by abolishing the K* gradient across the 
membrane; (c) by surface active agents which 
act, presumably, by disorganizing the mem- 
brane. 

Summary. Depolarization produced by a 
variety of organic reagents acting on frog 
sciatic nerve has been measured. With the 
alcohols, the fact that the lower alcohols de- 
polarize before blocking nerve, whereas higher 
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alcohols block conduction before depolarizing, 
is referable to the abnormally high activity 
coefficients of methanol and ethanol in non- 
aqueous solvents, and hence to the high 
aqueous mole fractions necessary for narcosis. 
While the alcohols depolarize at aqueous ac- 
tivities of about 0.15-0.30, other organic sub- 
stances, of a relatively non-polar nature, de- 
polarize only at activities of about 0.8. Such 
substances show a surface tension depression 
similar to that of the alcohols at these elevated 
thermodynamic activities. The distinction is 
made between narcosis, which requires a given 
mole fraction of a substance in the non- 
aqueous phase of the fiber, and depolarization 
which requires a given depression of the inter- 
facial tension. 
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From the Department of Pathology, Columbia University College of Physicians and Surgeons, 
and the Francis Delafield Hospital, New York City. 


The deleterious effect of magnesium de- 
ficiency on protein synthesis was reported by 
Menaker and Kleiner(1). At a 9% level of 
protein intake (150 to 160 mg N daily), their 
rats gained about 40% more in 10 days on 
a complete ration than on a magnesium-de- 
ficient one (30.5 vs 21 g) with virtually 
isocaloric intake. They concluded that mag- 
nesium deficiency is approximately as dele- 
terious to protein synthesis as is potassium 
deficiency, since Cannon et al.(2) had found 
that rats, on complete rations of 216 mg N 
daily, gain about 35% more in 10 days (about 
46 g vs 34 g) than on an essentially isocaloric 
potassium-deficient ration. Frost and Sandy 
(3) recently reported that on 120 mg N daily, 
rats gain virtually as much on a Mg-deficient 
as on a complete ration the first few weeks, 


* This work was aided by funds from the American 
Cancer Society. 


but in 11 weeks rats on a complete ration 
gain 25 to 30% more weight (about 90 g vs 
70 g) than those on a Mg-deficient one. At 
this low level of N-intake, their rats on a 
complete ration gain less in 10 days than 
Menaker’s and Kleiner’s rats on a Mg-defi- 
cient ration of 150-160 mg N daily. An 
analysis of these data led the author to test 
whether the Mg requirement is influenced by 
the level of protein intake. 


Method. 24 female Wistar albino rats, de- 
pleted 20-25% below initial 250 g (approx.), 
were divided into 4 groups. Group 1 received 
7 g casein per 100 g basal ration plus complete 
mineral supplement. Group 2 received same 
basal ration (7% protein) but Mg-deficient 
supplement. Group 3 received 14 g casein 
per 100 g basal ration (14% protein) plus 
complete mineral supplement. Group 4 re- 
ceived this basal ration (14% protein) but 
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TABLE I. : 
Effect of Magnesium Deficiency on Weight Gain at Different Levels of Protein Intake. 
Ee 
Avg total Gain (g) aa 
Protein Mineral food con- Avg total — Food effici- 
level (% ) supplement No. rats sumed (g) wt gain* Food (g) ency ratiot 
7 Complete 6 120 14:3 = 1.7 ile 95 
7 Deficient 6 109 gy se Ils 113 
Ot Complete 4 112 30.5 + 2.3 272 71 
Ot Deficient + 108 21 + 1.5 194 
14 Complete 6 sly 36 + 2.0 308 23 
4 nf as 2 
14 Deficient 6 80 3.9 se 47 072 


* Mean + stand. error of mean. 
(complete). 


Mg-deficient supplement. Basal ration con- 
tained, per 100 g, 7 g (Groups 1 and 2) or 
14 g (Groups 3 and 4) purified casein(1), 
78 g (Groups | and 2) or 71 g (Groups 3 and 
4) cane sugar, 7 g corn oil, 2 g U.S.P. cod 
liver oil, 5 g non-nutritive cellulose fiber, and 
1 g mixture of B-complex vitamins in sucrose 
(2). Four g of complete mineral mixture 
(Hawk-Oser, Osborne-Mendel) were added to 
each 100 g basal ration fed Groups 1 and 3. 
Groups 2 and 4 received an amount of min- 
eral supplement equivalent to that of Groups 
1 and 3 but lacking Mg; K2SO, and Na2CO3 
were substituted in the supplement fed Groups 
2 and 4 for the corresponding Mg salts in the 
supplement fed Groups 1 and 3. These diets 
were fed 10 days. 

Results. Group 3 (14% protein, complete 
mineral) gained far more in 10 days than 
Group | (7% protein, complete mineral), but 
Group 4 (14% protein, Mg-deficient) gained 
considerably less than Group 2 (7% protein, 
Mg-deficient). Thus, with complete mineral 
supplement, the rate of protein synthesis (as 
measured by weight gain) was over twice as 
great at the higher protein intake as at the 
lower protein intake. But when Mg was omit- 
ted at both levels of protein intake, the rate 
of protein synthesis was over twice as great 
at the Jower level of protein intake as at the 
higher level of protein intake. At the 7% 
protein intake level (about 120 mg N daily), 


the magnesium-deficient ration allowed vir- 


tually the same small weight gain as the 
complete ration, thus confirming for a 10 day 
period the observations of Frost and Sandy 
(3). But at the higher level of protein intake 
(14% )—a moderate one for rat or man—the 
Mg-deficient ration permitted less than one- 


+ Avg total wt gain (deficient) /avg total wt gain 
+ Menaker and Kleiner(1). 


fifth the weight gain that the complete ration 
did. Table I shows the mean weight gain per 
rat for each group and the amount of basal 
ration consumed per rat for each group during 
the 10 day period. Results previously re- 
ported(1) for a protein intake level of about 
9% are included in the table. 

Anorexia appeared in Group 4 (14% pro- 
tein, Mg-deficient) the fourth day, half of 
the rats showing marked vasodilatation of 
the skin of the ears by the sixth day, as first 
described by McCollum and Orent(4). Group 
2 (7% protein, Mg-deficient) showed only a 
slight but statistically insignificant decrease 
in food intake and in weight gain. 

Comments. Assumptions and limitations of 
gauging protein synthesis by weight-gain have 
been noted(1). As far less protein is syn- 
thesized on Mg-deficient rations at the 14% 
level of protein intake than at the 7% level, 
more Mg is required for normal protein metab- 
olism at the 14% level than at the 7% level. 

On a 9% protein intake, a Mg-deficient 
ration permits more protein synthesis than a 
complete ration on a 7% protein intake, be- 
cause lack of protein is the chief limiting fac- 
tor at the 7% level, enough Mg probably 
being mobilized from body stores, notably 
bone, for the slow rate of protein synthesis. 
On a 9% protein intake, the amount of Mg 
so mobilized is not sufficient to assure as 
much protein synthesis as will a complete 
mineral supplement. The observed results are 
consistent with the view that at the 9% pro- 
tein level more Mg is required than at the 
7% level. That the worst results are obtained 
with a Mg-deficient ration at the highest of 
the 3 protein levels indicates that more Mg 
is required at the 14% level than at the 7 or 
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9% levels. If Mg were required merely to 
form part of the structure of new tissue, at 
least as much weight would be gained on a 
14% protein intake as on a 9% protein intake 
with Mg-deficient rations. 

Comparative studies of mineral supple- 
ments, conducted on a 7% protein intake 
(about 120 mg N daily, the quantity employed 
by Frost and Sandy(3) in studying Mg-de- 
ficiency), may fail to reveal injurious effects 
of deficient mineral rations, because such ef- 
fects may only become evident when N-intake 
is sufficient to assure a normal or optimal 
rate of protein synthesis. 

Summary. Adult protein-depleted rats re- 
ceiving a complete mineral supplement gain 
over twice as much in 10 days on a 14% 
level of protein intake as on a 7% (120 mg N 
daily) level, but those receiving a Mg-deficient 
ration gain over twice as much on a 7% level 
of protein intake as on a 14% level. These 
results indicate that the Mg requirement for 
normal protein metabolism increases during 
protein synthesis as protein intake is increased 


Human Body Lice. 


Henry S. FuLueEr.t 


151 


from 7% to 14% and that the increased Mg 
requirement is not merely for the structural 
inclusion of Mg in new tissue. A 7% level 
of protein intake permits only a markedly 
subnormal rate of protein synthesis in a 
previously depleted animal, but 9% and es- 
pecially 14% levels of protein intake insure 
more normal rates of protein synthesis and 
reveal the markedly deleterious effects of mag- 
nesium-deficient rations on protein synthesis 
within 10 days. 


The author is indebted to Dr. Edith E. Sproul for 
the opportunity and facilities to perform the experi- 
mental work reported herein. 
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IV. Direct Serial Passage of Typhus Rickettsiae by 
Oral Infection.* 


(20814) 


(Introduced by J. C. Snyder.) 


From the Department of Microbiology, Harvard University School of Public Health, Boston, Mass. 


In connection with projected studies(1) of 
mutations in microorganisms which propagate 
in arthropods, methods for performing serial 


* This study received support from the Lederle 
Laboratories Division of the American Cyanamid Co, 
and from the Division of Research Grants of the 
National Institutes of Health, U. S. Public Health 
Service; the project was sponsored by the Com- 
mission on Virus and Rickettsial Diseases, Armed 
Forces Epidemiological Board, and supported in part 
by contract with the Office of the Surgeon General, 
Department of the Army. 

+ Formerly Assistant Professor. of Microbiology, 
Present address: Department of Entomology, Army 
Medical Service Graduate School, Walter Reed Army 
Medical Center, Washington, D. C. For technical 
assistance in this study, the writer is pleased to 
express his appreciation to Elizabeth B. Eustis, 
Patricia F. Cottam, and Doris L. Simon. 


passages are necessary. This paper describes 
a simple method for serial passage of rick- 
ettsiae in lice and presents the results of its 
application to experimental studies of typhus. 

Materials and methods. The origin and 
maintenance of our normal louse colony has 
been described(2). When lice were selected 
for these experiments, they were insects of the 
third instar, starved for 18 to 24 hours before 
the infective meal was offered. Experimental 
infections were initiated by using yolk sac 
propagated organisms of the Wilmington and 
Florida(3) strains of Rickettsia mooseri and 
the E strain(4) of R. prowazeki. Infection of 
lice was accomplished by a chicken skin mem- 
brane technic(5), and infected lice were fed 
daily upon normal rabbits(6). 


Serial passage. Two or more infected lice 
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were examined daily for the presence of rick- 
ettsia-like organisms in smears of intestinal 
tissue stained by Macchiavello’s. method. 
When numerous rickettsiae were seen, it was 
probable that any single louse of the group 
contained sufficient organisms to act as a 
donor in passage. Accordingly, 3 or 4 re- 
cently emerged adult lice were allowed to 
cling to the fibers of a sterile cotton swab. 
Since the integument of recently emerged lice 
had been exposed for the shortest possible 
time to bacterial contamination, the use of 
such insects was preferable. In order to re- 
duce the numbers of surface contaminants, 
lice were washed by plunging the swab into a 
2 ml portion of sterile K7G(7) at room temp- 
erature and rotating it rapidly for 1 minute. 
This procedure was repeated with 10 to 15 
fresh portions of sterile liquid. The washed 
lice were placed in a dry sterile petri dish 
awaiting dissection. Lice were dissected under 
aseptic precautions. A single insect was 
placed in a small drop of K7G(7) on a chilled 
slide which rested on a covered petri dish 
containing cracked ice. A small portion of 
intestinal tissue was teased free and smeared 
on the surface of the slide, while the remain- 
ing intestinal tissue and contents were as- 
pirated through a 23 gauge needle attached to 
a 1 ml syringe containing diluent. The con- 
tents of this syringe were kept chilled. 

A prospective donor louse was regarded as 
suitable if numerous rickettsiae, but no bac- 
teria, were seen in the smear preparation. 
The contents of the corresponding syringe 
were ejected into a small chilled tube and 
aspirated several times in order to macerate 
the infected tissues. The resulting suspension 
was mixed with defibrinated or heparinized 
blood of a normal rabbit. This mixture was 
then offered by the membrane technic to lice 
of the next consecutive passage. After re- 
cipient lice had fed to repletion, a portion of 
the meal was often used for injection of ani- 
mals to detect viable rickettsiae. The re- 
mainder of the meal was frozen in an ampoule 
and stored at —70°C. Surviving lice of a given 
passage were maintained alive until rickettsiae 
had been seen in smears of lice of the next 
passage. At that time, lice of the previous 
passage were sacrificed, frozen, and stored at 
-70°C. 
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TABLE I. Complement Fixation Patterns of Sera 
of Cotton Rats Inoculated with Viable Rickettsia 
mooseri after Louse Passage.* 


Denominator of high- 
est serum dilution in 
which complement 
was fixed by specific 


Louse antigen 
Strain passage Murine Epidemic 
Wilmington ord 320 40 
a 19th 640 40 
Florida 2nd 480 30 
ey 7th 640 80 


* Complement fixation tests were performed ac- 
cording to the method of the Army Medical Service 
Graduate School(18). 


Results. The. Wilmington strain of R. 
mooseri was maintained for a total of 95 days 
through 19 consecutive louse passages. Lice 
of a given passage were incubated for 3 to 6 
days at 32°C before the strain was passed to 
the next group. The tissues of a single louse 
were mixed with diluent and blood each time, 
the total volume of meal offered to recipient 
lice being 1.2 to 1.3 ml. The dilution thus 
effected made it unlikely that 19th passage 
lice contained surviving rickettsiae of the or- 
iginal yolk sac material. Evidence of multi- 
plication of rickettsiae was provided by the 
massive numbers of organisms in smear prep- 
arations. 


In an essentially similar manner, the Flor- 
ida strain of R. mooseri was maintained for a 
total of 43 days through 8 consecutive louse 
passages. The serologic patterns of cotton rats 
inoculated with these 2 murine typhus strains 
after louse passage were typical of R. mooseri 
in the complement fixation reaction (Table I). 

The E strain of R. prowazeki was main- 
tained for a total of 79 days through 5 louse 
passages.+ Although infected lice of the final 
passage contained rickettsiae which evoked 
typical serologic patterns in test animals, 
studies of the ability of the strain to evoke 
a febrile reaction in guinea pigs were unsatis- 
factory, owing to the atypical reactions of 
control animals. 


Additional experiments were designed to 


test the ability of R. mooseri to multiply in 
lice which were nourished on serum instead of 


+ These passages were performed by Peter Skaliy 
while a student in this Department. 
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blood containing formed elements. Lice which 
had ingested a 10% suspension in K7G of 
yolk sac infected with the Wilmington strain 
were subsequently nourished on single daily 
meals of Seitz-filtered human serum, which 
was offered by the membrane technic. Smears 
of the intestines of these lice provided visual 
evidence of multiplication of rickettsiae after 
three days. A second series of lice ingested 
a meal composed of the intestines of 2 lice of 
the 7th passage of the Wilmington strain, 
suspended in a mixture of 0.4 ml K7G and 
1 ml serum. During the first 2 days there- 
after, the lice fasted at 27°C. On each sub- 
sequent day, they were offered meals of nor- 
mal serum and maintained at 32°C. Visual 
evidence of multiplication of rickettsiae was 
provided by smears of lice incubated for 3, 4, 
and 5 days following ingestion of the in- 
fective meal. The cloudy, moth-eaten ap- 
pearance of the cytoplasm of the intestinal 
lining cells suggested that the lice were suffer- 
ing from nutritional deficiency. All lice but 
one were dead by the 5th day. No change in 
murine properties of the rickettsiae was dem- 
onstrated by the serologic patterns of cotton 
rats inoculated with a suspension of this 5th 
day louse. Further passages in lice nourished 
on serum were not attempted. 


Discussion. By means of the present tech- 
nic, passage of rickettsiae from donor to re- 
cipient lice is accomplished without the inter- 
position of a different infected host species. 
Rickettsiae are administered by the oral route, 
as opposed to the method of rectal injection. 
The only serious technical problem en- 
countered in the present study was the death 
of recipient lice following ingestion of a meal 
containing bacterial contaminants from the 
tissues or surfaces of donor lice. Previous 
studies of serial passage of rickettsiae in lice 
have employed the technics of intra-rectal in- 
jection(8-14), inoculation into the body cay- 
ity of the insect(13,15), or the feeding of lice 
by a bleb technic(4,16). 

It is of interest that no fundamental change 
in the properties of a strain of rickettsiae has 
been reported after serial louse passages. The 
derivation of the E strain from the Madrid 
strain(4) of R. prowazeki, however, demon- 
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strates that the properties of rickettsiae are 
not inflexible. A further example consists of 
the changes in virulence of R. rickettsi ob- 
served during passages in suitable animals 
(17). Hence the possibility of changes in 
properties of rickettsiae during passage in ar- 
thropods merits further study. 

Summary. A simple feeding technic for 
serial passage of rickettsiae in human body 
lice is described. Consecutive louse passages 
are not interrupted by growth of the organ- 
isms in other host species. Application of the 
method to serial passages of epidemic and 
murine typhus rickettsiae is reported. No 
changes in properties of the strains were noted 
during louse passage. The multiplication of 
murine typhus rickettsiae in lice nourished 
only on human serum is reported. 
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Improved Method for Cultivation of Brucella from the Blood. (20815) 


WERNER BRAUN AND JAMES KELSH. 
From the Chemical Corps Biological Laboratories, Camp Detrick, Frederick, Md. 


In the diagnosis of Brucella infections, par- 
ticularly in man, positive blood cultures have 
been recognized as one of the most infallible 
clinical criteria. Unfortunately, even the most 
widely adopted method for such blood cul- 
tures, namely Castaneda’s double medium 
technic(1) suffers from the disadvantage that 
cultivation in liquid media cannot be elim- 
inated due to the relative scarcity of organ- 
isms in the blood. Such cultivation im vitro, 
even for brief periods, is undesirable because 
(a) certain lots of a widely used liquid me- 
dium, tryptose broth, have proved to contain 
antibrucellar substances(2), and (b) cultiva- 
tion in liquid media, particularly in the pres- 
ence of antiserum, promotes rapid population 
changes that may lead to the establishment 
of variant types differing considerably from 
the type(s) originally present in vivo(3). An 
additional problem associated with blood cul- 
tures, namely the removal of inhibitory anti- 
bodies and the release of possibly intracellular 
brucellae by “washing” of the blood speci- 
men, has been investigated by Pickett and 
Nelson(4) who claim to have obtained a sig- 
nificant increase in positive recoveries follow- 
ing washing of citrated blood with distilled 
water. However, the latter method also util- 
ized fairly prolonged cultivation in liquid 
media and has not found widespread accept- 
ance, probably due in part to the authors’ con- 
troversial claims that they recovered, even 
from the blood of clinically normal humans, 
many atypical Brucella variants with this 
technic. 


An approach to a more ideal blood culture 
technic, permitting the recovery of Brucella 
cells directly onto solid media, became pos- 
sible with the help of membrane filters (‘milli- 
pore filters”(S)) which are now commercially 
available.* This new technic has been carried 
out as follows: One ml of blood is drawn from 
the heart of an infected rabbit, or from the 


* Obtainable from Lovell Chemical Co., Watertown, 
Mass. 


vein of a patient, and is transferred imme- 
diately into a sterile test tube containing 0.1 
ml of a heparin solution (100 USP units). 
Three ml of tryptose saline are used to wash 
down the sides of the tube and the mixture 
of heparinized blood and tryptose saline is 
centrifuged for 30 minutes at 2500 RPM. 
After the supernate is drawn off, the cell sedi- 
ment is suspended in 3 ml of sterile distilled 
water and permitted to stand for a period of 
30 minutes. The laked blood sample is then 
filtered through a sterile membrane filter, 
employing an O’Leary-Volpe type holder for 
the filter. Filtration is carried out under 
negative pressure and usually takes from 30 
to 40 minutes. When the entire sample of 
laked blood has passed through the filter, the 
disc is removed with the help of sterile forceps 
and is placed on the surface of a solid medium 
in Petri dishes (2-1 agar(3) has been em- 
ployed in all studies so far). If Brucella cells 
are present on the surface of the membrane 
filter they will develop into visible colonies 
within 3 to 4 days.. The detection of such 
colonies can be facilitated by the incorpora- 
tion of 0.5% of 2,3,5 Triphenyltetrazolium 
chloride into the agar. Colonies may be 
picked from the surface of the membrane filter 
and can be subcultured onto appropriate 
media for further identification. 

In order to determine whether this method 
would permit the quantitative recovery of a 
known number of Brucella cells, a number of 
experiments were carried out with sterile 
blood samples to which a known number of 
B. suis cells had been added. One ml samples 
from a saline suspension containing approxi- 
mately 10 cells per ml were processed in 3 dif- 
ferent ways: (a) direct counts were made on 
the cell suspensions by the pour plate method, 
(b) 5 ml of sterile saline was added to each 
sample and the suspensions were then filtered 
through membrane filters which were subse- 
quently placed on the surface of 2-1 agar 
plates, and (c) samples were added to hepa- 
rinized blood obtained from normal rabbits 
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TABLE I. Recovery of Brucella suis Cells from Infected Rabbits by Membrane Filter Method and by 
Castaneda Method at Successive Days after Infection. 


—————_ _ A* ———, -—————_B + C D STS 
Days after Membrane Membrane Membrane Membrane 

inoculation filter Castaneda filter Castaneda filter Castaneda filter Castaneda 

1 3 a 12 ae 0 us 1 = 

3 179 + 100 + 54 + 69 + 

5 21 + 34 = 3 + Not run = 

7 2 + 10 + 2 —- 243 + 

9 5 + 6 + 0 — 8 + 

itl 24 > 2 — 1 — il — 

if} 0 — 1 — 0 — 0 — 

15 0 — 2 — 0 — 1 — 

17 0 _ 0 — 0 — 0 — 

19t 0 — al — 2 4. 0 — 


* Capital letters represent different animals. Figures are numbers of colonies found on membrane fil- 
ter discs. Positive recoveries by Castaneda method are recorded as plus, non-recovery as minus, 
t No positive recoveries from the 21st to the 27th day. 


and processed by the above described technic. that the recoveries obtained with the help of 
In 6 replicate tests for each procedure the the new method are as good, and probably 
average recovery of cells from these one ml better, than those obtainable by previously 
samples was (a) 11 cells by pour plate utilized methods. In addition to the ability 
method, (b) 13 cells after filtration of the to culture Brucella cells directly onto solid 
saline suspensions through membrane filters, medium without any growth period in liquid 
and (c) 10 cells after filtration of treated media, this method also appears to permit a 
blood suspensions through membrane filters. quantitative estimation of the extent of bac- 
These results indicate that the new technic teremia. It is probable that the same technic 
permits quantitative recovery of Brucella may be applicable to blood cultures of other 
cells, at least when they are present extra- bacterial pathogens. 
cellularly. Summary. A new technic for the recovery 
Numerous tests have been made on super- of Brucella cells from the blood of infected 
nates obtained following centrifugation of hosts is described. This technic employs 
laked blood specimens, but Brucella cells have filtration of laked blood specimens through 
never been recovered from such supernates; membrane filters and permits the recovery of 
therefore, all supernates are now discarded Brucella cells directly on solid media. The 
in the regular routine. new method has proved to be at least as good 


Finally, comparative tests have been made 45 previously described blood culture methods 
on the recovery of Brucella cells from the and does not possess the disadvantage of cul- 
blood of infected rabbits at various times tivation in liquid media which is necessary in 
after exposure of the animals to B. suis em- other methods. The membrane filter technic 
ploying both the Castaneda method and the also appears to permit a quantitative estima- 
‘above described membrane filter technic. Six tion of the extent of bacteremia. 
rabbits were inoculated intravenously with 1) Castaneda, M. R., Proc. Soc. Exp. Bion. AND 
approximately 1 x 10% organisms. On the mep., 1947, v64, 114. 
following day and every other day thereafter, 2. Schuhardt, V. T., Rode, L. J., Foster, J. W., 
for a period of 27 days, a 2-ml sample of blood and Oglesby, G., J. Bact., 1949, v57, 1. 
was taken from the heart of each of the in- 3. Braun, W., in Brucellosis, published 1950, by 
fected rabbits. One ml of blood was then AAAS. 
processed according to the membrane filter 4, Pickett, M., and Nelson, E. L., J. Bact., 1951, 
technic and the other one ml of heparinized me ae RNC alice eee ete 
blood was treated according to the method i" Wi, Pub, Health Reptc, 1981, v6, 951 
described by Castaneda(1). The results of 
these tests are shown in Table I and indicate Received December 7, 1953. P.S.E.B.M., 1954, v85. 
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Ultraviolet Absorption Spectrum of Protyrosinase and Tyrosinase.* (20816) 


JosepH Hatt Bovine AND Loren D. Carson. 
From the Zoology Laboratory, State University of Iowa, Iowa City. 


In a previous communication it was shown 
that no change in the sulfhydryl or disulfide 
groups of the protyrosinase molecule seems 
to occur upon activation and conversion to 
the active form, tyrosinase(1). In the present 
series of experiments the ultraviolet absorp- 
tion spectrum of protyrosinase and tyrosinase 
was determined to ascertain whether a differ- 
ence exists between the inactive and active 
forms of the enzyme. Manometric measure- 
ments of the enzymatic properties of these 
two substances show a definite difference with 
respect to the oxidation of tyramine HCl(2). 
The ultraviolet absorption spectrum should 
demonstrate a structural change if such exists. 

In a study of the physical or chemical 
properties of a substance, a primary require- 
ment is that one knows the “purity” of his 
preparation. During a series of extractions of 
the egg of the grasshopper, (Melanoplus dif- 
ferentialis), we obtained a_ protyrosinase 
which was considerably more concentrated 
than the original extractions. As we fraction- 
ated our preparation, the amount of non- 
dialysable substances decreased, the rate per 
mg (measured, of course, by activating this 
proenzyme) increased. The final preparation 
of the protyrosinase had 0.21% copper. 
Kubowitz(3) found 0.18% copper in his 
preparation of tyrosinase; Keilin and Mann 
(4), 0.3%, and Nelson and Dawson(5), 
0.21%. The procedures followed in purifying 
and identifying the different samples of pro- 
tyrosinase are similar to those previously de- 
scribed.+ The preparation used in the present 
absorption experiment is that designated as 
B-18a. In the samples whose spectra are 
graphed for reproduction (Fig. 1) the method 
of treatment was as follows: 


* Aided by a grant from the National Institutes 
of Health. 

tNow in Department of Physiology, University 
of Washington, Seattle. 

t We are indebted to the Department of Physical 
Chemistry for use of this apparatus. 


Left side of graph (Fig. 1). The B-18a was 
taken up in 0.1 M phosphate (pH 6.8) rather 
than 0.9% NaCl. Two cc of this were diluted 
to 32 cc with the final dialysate (0.1 M phos- 
phate) and then filtered through a fritted 
glass filter. Of this, 14 cc were used as pro- 
enzyme; 10 cc were activated with 0.5 cc of 
sodium dodecyl sulfate or with 0.1 cc aerosol 
OT. The control cell for the proenzyme was 
the dialysate; for the enzyme the dialysate 
plus the activator used. These were mixed in 
the evening, the spectrum determined on the 
following morning and the activity in the 
afternoon of that day. The activity of pro- 
enzymes plus activator was determined for 
each protyrosinase solution used. 

Right side of graph (Fig. 1). Treated in 
an identical manner save that the solvent was 
0.9% NaCl. 

A Hilger quartz spectrophotometer with a 
hydrogen arc light source was used. An 
examination of Fig. 1 shows a distinct differ- 
ence in the absorption spectra of the active 
and inactive form of the enzyme between 230 
and 260 mp. An absorption maximum at 
310 mp» is common to both and has been at- 
tributed to the copper present by Dalton and 
Nelson(6). The data cannot be specifically 
interpreted. The increase is in the range of 
absorption of the ring structure amino acids. 
Theoretically, the absorption of the amino 
acids should be the same and in relation to 
the amounts and kinds present (this could not 
vary in these experiments). Lavin, Loring, 
and Stanley(7) have shown that structure 
may influence the absorption of the amino 
acids. Further work must be done on the 
absorption below 270 mp to distinguish the 
various absorption bands of individual amino 
acids. Removal of the copper should change 
the absorption at 310 mp if the assumption 
that this is due to copper is correct. 

Summary. We have purified to some extent 
the proenzyme (protyrosinase) without activ- 
ating it. There is a change in the absorption 
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FIG. 1. Shows ultraviolet absorption curves for preparation, B-18a, both as protyrosinase and 

tyrosinase. Rates expressed as 4 for protyrosinase samples are impossible to accurately measure 

and can be assumed to represent zero activity. All other rates shown are for tyrosinase or 
activated protyrosinase. For further description see text. 


spectrum in the ultraviolet accompanying the 
activation of the protyrosinase molecule to the 
active tyrosinase form. 
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Effect of Iodine on Serological Specificity of Tobacco Mosaic Virus.* (20817) 


JOHN J. BOLTRALIK AND W. C. PRICE. 


From the Department of Biological Sciences and Plant Virus Laboratory, University of Pittsburgh. 


In complement fixation tests, Weaver and 
Price(14) found the Type strain of tobacco 
mosaic virus (TMV) to react optimally with 
its homologous antiserum, or with antiserum 
to closely related strains, when a_ specific 
weight of virus, designated as the optimum 
antigenic unit (OAU), was present; TMV 
strains were differentiated from one another 
by differences in their OAU as well as by 
differences in antiserum dilution end points 


* Based on thesis by J. J. B. in partial fulfillment 
of requirements for Master of Science degree. 


(ADE) in homologous and heterologous reac- 
tions, thus indicating a high degree of speci- 
ficity for the serological reaction used. In 
precipitin tests, iodinated globulin was found 
to react weakly or not at all with antiserum 
to native protein(6,11,16); serum globulin 
iodinated at pH 7.3 reacted with antiserum 
to native globulin whereas that iodinated at 
pH 8.5 did not(6). In the work here re- 
ported, an attempt was made to iodinate spe- 
cific amino acid groups on the TMV particle 
at neutral (7.0) and alkaline (7.65) pH 
values and to correlate the changes thus pro- 
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duced with the changes in serological activity. 

Materials and methods. Antigens and an- 
tigen preparation. The Type strain of TMV 
was grown in Turkish tobacco plants and then 
concentrated and purified by alternating 
cycles of low (2950 x G for ¥% hour) and 
high (25000 x G for 2 hours) speed centrifu- 


gation. The pellets obtained were suspended 
in 0.85% saline and stored at —20°C. Anti- 
serum to native and iodinated TMV. Anti- 


TMV serum was prepared by injecting rabbits 
intraperitoneally with 2-ml portions of puri- 
fied virus solutions containing about 26.5 
mg/ml on the first and third day of initial 
immunization. Thereafter, one ml portions 
were administered intraperitoneally or intra- 
venously every fourth day for 35 days. 
Preparation of antiserum to diiodotyrosine 
virus differed from this only in the volumes ad- 
ministered initially and the route of injection, 
1.0 ml and 0.25 ml portions containing 4 
mg/ml being injected exclusively by the in- 
traperitoneal route. All sera were inactivated 
at 56°C for % hour. Jodine-treated virus. 
Abolition of sulfhydryl (SH) groups was ac- 
complished with various volumes of 0.05 N 
iodine in 0.18 N potassium iodide. The prep- 
aration was maintained at pH 7.0 with phos- 
phate buffer and the reaction allowed to pro- 
ceed for 10 minutes at 35°C. The reaction 
was usually complete in 10 minutes as indi- 
cated by a negative nitroprusside test and 
the disappearance of iodine by a negative 
starch test(2). The reaction was reversible 
when 2 N KCN in the presence of 27% am- 
monium hydroxide was added. To accomplish 
the oxidation of SH groups past the S-S stage, 
quantities ranging from 0.05 to 0.08 ml of 
0.05 N I-KI were used. Treatment for 15 to 
25 ininutes at 35°C was required to oxidize 
completely all SH groups past the S-S stage at 
pH 7.0. pH changes were no greater than 
0.2 pH unit on the acid side of neutrality 
after reaction. Negative cyanide nitroprus- 
side tests(1) indicated the absence of the 
S-S linkage. Insoluble protein was removed 
by centrifugation. Diiodotyrosine virus was 
prepared in the manner described by Anson 
and Stanley(2). JIodination was carried out 
at pH 7.65 in the presence of 0.09 N I-KI. 
The reaction was allowed to proceed for one 


SEROLOGY OF IODINATED TMV 


TABLE I. Optimum Antigenie Units (OAU) and 
Antiserum Dilution End Points (ADE) Obtained | 
in Titrating SH Abolished, S-S Abolished, and 
Diiodotyrosine Virus against Antiserum to Native 
TMV and Antiserum to Diiodotyrosine Virus. 


Antiserum to ———-+, 


Native Diiodotyrosine 
TMV* TMVt 
Antigen OAU ADEt OAU ADEt 
MS us 
Native virus 2.8 320 2:8 40 
SH abolished virus 2.8 320 2.8 40 
S-S a Be 5.6 160 5.6 40 
Diiodotyrosine ” 5.6 10 5.6 20 


* Results of 4 titrations. 
t ” ” ” 
¢ Reciprocals. 


hour at 56°C. All resulting preparations were 
tyrosine negative. Insoluble protein was re- 
moved by centrifugation. Excess iodine was 
neutralized with N/10 sodium thiosulfate. 
Millon tests performed on the supernatant 
indicated that tyrosine had been converted 
to diiodotyrosine. The preparation was dia- 
lyzed for 27 ‘hours against flowing distilled 
water to remove tetrathionate and to readjust 
the pH to approximately 6.9. The prepara- 
tion was centrifuged and the concentration of 
remaining protein determined by the micro- 
Kjeldahl method of Ma and Zuazaga(9). 
Complement fixation technic. The comple- 
ment fixation technic used has been de- 
scribed in detail by Wertman(15) and by 
Tall et al.(12). ADE and OAU were deter- 
mined from grid titrations involving 2-fold 
serial dilutions of antigen and 2-fold serial 
dilutions of antiserum(14). The OAU has 
been defined as the weight of virus per ml in 
the highest dilution of antigen giving a 4+ 
reaction with the highest dilution of antibody, 
the latter being defined as the ADE. 
Results. On the basis of past experience, 
2-fold differences in OAU are significant but 
2-fold differences in ADE have doubtful 
validity unless based on a large number of 
titrations(14). The 2-fold differences in ADE 
(Table I) are therefore questionable, whereas 
4-fold differences are undoubtedly significant. 
The OAU for native TMV, 2.8 yg, was the 
same as that found by Weaver and Price(14). 
Virus with SH groups abolished gave exactly 
the same reactions with both antisera as the 
native virus, indicating that neither cysteine 
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nor cystine, as such, plays a major role in 
serological specificity. Abolition of disulfide 
groups, however, resulted in increasing the 
OAU by 2-fold and, in the reaction with anti- 
serum to the native virus, decreasing the 
ADE by 2-fold. The latter is questionable 
but there is a possibility that it may have re- 
sulted from an effect of iodination on tyrosine 
groups; although Millon tests on S-S abol- 
ished virus were strongly positive, this does 
not exclude the formation of monoiodotyro- 
sine. 

The most significant changes occurred with 
the diiodotyrosine virus; in reactions of anti- 
serum to native TMV with diiodotyrosine 
virus the OAU was doubled and the ADE re- 
duced 32-fold as compared to the homologous 
reaction with native virus. This suggests the 
importance of aromatic groups for combina- 
tion of antigen and antibody and agrees in 
principle with observations of others(6,16). 
Increase in OAU can probably be explained 
on the basis of a shift in redox potential of 
iodine, since a shift of 1.53 pH units on the 
acid side of neutrality was measured(3). 

Reactions between the various antigens and 
antiserum to diiodotyrosine virus are of par- 
ticular importance because they show that 
the treated virus was still capable of stimulat- 
ing antibody formation in rabbits, despite the 
comparatively low titer. Because of the low 
titer it is virtually certain that completely 
negative results would have been obtained by 
the precipitin technic, as has indeed been the 
experience of others(6,11,16). The sensitive 
complement fixation test thus demonstrated 
serological activity of chemically altered virus 
not demonstrable by the relatively insensitive 
precipitin test. 

Discussion. Although many postulations 
for the intermediate reaction between cysteine 
and cystine and oxidants are found in the 
literature(4,5,13) mone offers proof of the 
exact intermediate with chemically treated 
proteins. Evidence that RSO3H could not be 
formed in the reaction between iodine and 
cysteine was given by Anson and Stanley(2). 

It is theorized that TMV contains sub- 
antigenic groupings, as well as the known 
aromatic determinants; change in sub-anti- 
genic groupings, such as oxidation past the 
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S-S stage, leads to a change in the OAU, 
whereas change in antigenic groupings, of 
which tyrosine is representative, leads to 
drastic change in the ADE. 


Moorhead and Price(10) found that anti- 
serum to the Type strain of TMV reacted with 
the Rosette strain of TMV with an ADE 
8-fold less than that in the homologous reac- 
tion, whereas antiserum to the Rosette strain 
reacted with the Type strain antigen at the 
same ADE as in the homologous reaction. 
Kleczkowski(7) reported a similar relation- 
ship between the Type and Aucuba strains of 
TMV and their respective antisera when the 
quantitative precipitin test was used. A simi- 
lar result can be seen in Table I with normal 
and diiodotyrosine virus. Knight(8) found 
no difference in tyrosine content between the 
Type and Aucuba strains of TMV which could 
account for the serological differences ob- 
served. 


Summary. ‘The sensitive complement fixa- 
tion reaction was used to detect antigenic dif- 
ferences between normal tobacco mosaic virus 
(TMV) and TMV treated with iodine in KI 
in such a manner as to oxidize SH groups or 
to form diiodotyrosine. No change in anti- 
genicity was detected in TMV in which the 
SH groups had been oxidized to S-S. Oxida- 
tion past the S-S stage resulted in change in 
the weight of virus reacting optimally with 
antiserum. Virus in which tyrosine was con- 
verted to diiodotyrosine was only weakly ef- 
fective in stimulating formation of antibodies 
in rabbits and reacted with antiserum to nor- 
mal virus with a 32-fold drop in antiserum 
dilution end point. These serological differ- 


ences are comparable to the serological dif- 


ferences occurring between strains of TMV. 
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Partially Depolymerized Hyaluronic Acid (PDHA) as a Spreading Agent. 
(20818) 


JosEPpH SEIFTER AND Davip H. BAEDER. 
Wyeth Institute of Applied Biochemistry, Philadelphia, Pa. 


The spreading action of testicular hyalu- 
ronidase is usually attributed to the decrease 
in viscosity of the ground substance which 
results from depolymerization of the hyalu- 
ronate by the enzyme. The effect is to de- 
crease the normal resistance of the barrier. A 
more recent view suggests that the enzyme 
releases PDHA which as a protective colloid 
and peptizing agent participates actively in 
the dispersion and transfer of materials 
through the ground substance and in the 
urine(1). It has also been suggested that 
hyaluronic acid is capable of acting as an ion 
exchange resin(2). In this paper we present 
data on the spreading properties of PDHA 
prepared from in vitro hydrolysis of strepto- 
coccal hyaluronic acid by testicular hyaluroni- 
dase. 

Materials and methods. Bacterial hyalu- 
ronic acid was isolated by Dr. George H. War- 
ren from a virulent strain of group A Strepto- 
coccus pyogenes obtained from the Hospital 
of the Rockefeller Institute. Tt contained 
3.67% N and was free from S, P, and halogen. 
Purified bovine vitreous humor hyaluronate 
and human umbilical cord hyaluronate were 
prepared by Dr. Harvey E. Alburn. Strepto- 
coccal hyaluronate before treatment with the 
enzyme was the most viscous and vitreous 
humor hyaluronate the least viscous prepara- 
tion. PDHA was prepared by incubating 
streptococcal hyaluronic acid with testicular 
hyaluronidase* for 15 minutes at 38°C. The 
incubation mixture was autoclaved for forty 


minutes at 104°C and the resulting precipi- 
tate removed by centrifugation and discarded. 
The supernatant was found to be free from 
hyaluronidase by the turbidimetric assay and 
therefore contained less than 0.1 TRU/ml. 
Incubation of the substrate with the enzyme 
for one hour resulted in supernatants that had 
no significant spreading activity. Spreading 
tests were made on albino rabbits of both 
sexes weighing between 2.3 kg and 2.9 kg. 
The intradermal injections were made through 
a 26 gauge, one-half inch needle into the lum- 
bar and scapular regions clipped free from 
hair. The injections consisted of 0.1 ml of 
1% trypan blue in physiological salt solution 
(PSS) mixed with 0.1 ml of test solution. 
Measurements of the large diameter of spread 
(D) and the small diameter of spread (d) 
were made with vernier caliper immediately 
after injection and 15, 30, and 60 minutes 
later. The area of spread was computed from 
the formula for the area of an ellipse, Agg mm = 
a 
Die Each concentration of a sub- 
stance was tested on a minimum of 6 rabbits. 
Each rabbit received a control injection of 
PSS. The injection sites for the control and 
materials to be tested were randomized. The 
comparative efficiency of hyaluronidase and 
PDHA to facilitate hypodermoclysis of PSS 
was carried out in rabbits. Six rabbits received 


* Wydase®—Wyeth Laboratories, Inc—7000TRU He 
mg N. 
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TABLE I. Effect of Increasing Concentrations of 
Hyaluronidase on the Spreading Reaction. 


Area of spread in 60 min. (mm?) 


TRUinj. 100 1000 2000 5000 10000 20000 


Mean 197.2 388.2 483.0 643.6 675.6 587.2 
+ SD % 9.2 48 10.6 4.4 2.8 5.4 
No. of 6 8 6 10 6 6 


rabbits 


100 ml of PSS in one flank and 100 ml of PSS 
containing 150 TRU of hyaluronidase in the 
other. Six rabbits received 100 ml of PSS in 
one flank and 100 ml of PSS plus 3 ml of 5% 
PDHA in the other. A comparison of the 
ability of hyaluronidase and PDHA to facili- 
tate the spread and absorption of an x-ray 
contrast medium was made in female guinea 
pigs. Eight guinea pigs received 1 ml of Uro- 
kon® sodiumt (Mallinckrodt) mixed with 3 
ml of PSS subcutaneously over the lumbar 
region. Eight guinea pigs received 1 ml of 
the contrast medium plus 3 ml of PSS con- 
taining 150 TRU of hyaluronidase. Eight 
guinea pigs received 1 ml of the contrast 
medium plus 3 ml of 5% PDHA. Serial x-rays 
were taken at 5 minute intervals and the area 
of spread of the contrast medium was meas- 
ured with a planimeter. The data were an- 
alyzed statistically for homogeneity within 
groups and for significant differences between 
groups by analysis of variance for paired and 
unpaired data. 


Results. The mean area of spread in the 
78 control injections consisting of PSS and 
trypan blue was 153.5 sq mm with a standard 
error of + 5.25%. The effect of increasing 
concentrations of hyaluronidase on the area of 
spread is shown in Table I. It will be seen 
that increasing the concentration of enzyme 
from 0 to 10000 TRU per injection resulted 
in increasing area of spread. Further increase 
to 20000 TRU resulted in a sharp decline in 
spreading activity. It was not possible to in- 
ject larger amounts of the enzyme because of 
the viscosity of the solution. Plotting the log- 
arithm of the turbidity reducing units against 
the mean area of spread results in a straight 
line with a slope of 2.34 from 100 to 10000 


RU, 


+ Sodium Acetrizoate 30% and 0.1% sodium citrate. 
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Spreading effects of hyaluronates from dif- 
ferent sources. Streptococcal, umbilical cord, 
and vitreous humor sodium hyaluronates had 
no practical spreading action although sta- 
tistically each of the substances exhibited some 
spreading at one concentration and an inhibit- 
ing effect at a higher concentration. Tested 
in groups of 6 to 8 rabbits in concentrations 
of 50, 100, 1000, 2000, and 5000 pg of sodium 
hyaluronate the streptococcal preparation gave 
respectively means (+ SD%) of 147.1 (7.8), 
217.2 (14.4), 198.1 (9.3), 163.7 (15.9), and 
100.3 (20.3) sq mm of spread in 60 minutes. 
The umbilical cord preparation gave respec- 
tively, means Votys lOO 7e1(8-5) e193 ben (56 
202.2 (6.6), 149.5 (5.2), and 112.9 (6.9) 
sq mm of spread in 60 minutes. The vitreous 
humor preparation gave respectively means 
Of 202.20(6.8) 1047) (1oc1) nls (oye 
142.3 (11.8), and 138.3 (4.1) sq mm of 
spread in 60 minutes. The spreading action 
was not inversely related to viscosity of the 
preparation. Streptococcal hyaluronate which 
gave the most viscous solutions had the great- 
est spreading action whereas the vitreous hu- 
mor hyaluronate which gave the least viscous 
solutions had the least spreading action. Fur- 
ther evidence that the viscosity alone was not 
the determinant in the spreading action is 
seen from the fact that the lowest concentra- 
tion was not always the most effective spread- 
ing concentration. Other polymers such as 
degraded alginic acid, undegraded pectin, and 
clinical grade dextran tested in identical 
fashion and in identical concentrations showed 
no spreading activity statistically. 

Spreading action of PDHA. From Table II 
it will be seen that PDHA had considerable 
spreading activity which almost equalled that 
produced by 2000 TRU of hyaluronidase. It 
will also be seen that more completely hydro- 


TABLE II. Effect of Depolymerized Sodium Hy- 
aluronate (Streptococcal) on the Spreading 
Reaction. 


Area of spread in 60 min. (mm?) 
—Enzymatie hydrolysis 


15 min. lhr 

5 mg inj. 5 mg inj. 
No. of rabbits 12 6 
Mean 553.1 241.3 
+ SD % 10.6 12.4 
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TABLE III. Effect of Hyaluronidase and PDHA 
on Hypodermoclysis in Rabbits. 6 rabbits in each 
series. 


— Time for hypodermoclysis (min.) —\ 
Hyalu- 
ronidase DEGAS 
Saline (150TRU) Saline (150 mg) 


Mean 47 19 Syl 18 
+ SD % 7.6 10.2 8.4 12.7 


TABLE IV. Effect of Hyaluronidase and PDHA 
on Absorption and Excretion of Urokon. 


Appearance 
Spread, mm? in urinary 


Treatment group* at time of inj. bladder (min. 
grouy J 


Saline + Urokon Mean 4.4 30 
+S8D % 22.7 
150 TRU hyaluroni- Mean 10.4 16.3 
dase + Urokon +SD % 16.3 
150 mg PDHA Mean 11.4 16.9 
+ Urokon +SD % 30.7 


*8 guinea pigs/group. 


lyzed hyaluronate was without significant 
spreading activity. 

Hypodermoclysis and absorption of x-ray 
contrast medium. The ability of PDHA to 
facilitate a hypodermoclysis of PSS in rabbits 
is shown in Table III. It will be seen that 
150 mg of PDHA was as effective as 150 TRU 
of the enzyme. In other experiments 50 and 
100 mg of PDHA added to the clysis was 
without facilitating effect. Facilitation of 
spread and absorption of an x-ray contrast 
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medium in guinea pigs is shown in Table IV. 
It can be seen that 150 TRU of hyaluronidase 
or 150 mg of PDHA increased the area of 
spread and the rate of absorption and ap- 
pearance of the opaque material in the urinary 
bladder by twofold. 


Summary. 1. Increasing the concentration 
of hyaluronidase by large units resulted in 
increased spreading activity until a massive 
concentration of enzyme was used. 2. Highly 
polymerized hyaluronic acid obtained from 
Streptococcus pyogenes, bovine vitreous hu- 
mor, and human umbilical cord had no signi- 
ficant spreading action. 3. Partially depolym- 
erized streptococcal hyaluronic acid had sig- 
nificant spreading action in rabbits, hastened 
the absorption of a clysis of physiological salt 
solution in rabbits and facilitated the spread 
and absorption of an x-ray contrast medium 
in guinea pigs. 4. Further depolymerization 
of the streptococcal hyaluronic acid resulted 
in products that no longer had significant 
spreading action. 


We wish to acknowledge the technical assistance of 
Mr. Edward E. Livingston, Jr. 


1. Seifter, J., Bull. schweiz. Akad. med. Wiss., 1952, 
v8, 67. 

2. Meyer, K., and Rapport, M., Science, 1951, v113, 
596. 


Received December 14, 1953. P.S.E.B.M., 1954, v85. 


Topical Protection Against Hyperergic Inflammations by a Preceding 


Local Inflammation. 


JL. ARtera. 


(20819) 


(Introduced by C. N. H. Long.) 


From Instituto de Endocrinologia Experimental, Madrid. 


The hyperergic reaction provoked in the rat 
by the intraperitoneal injection of fresh egg 
albumin(1) can be topically inhibited by 
means of a previously produced local inflam- 
mation. This was demonstrated by Selye and 
his collaborators(2), who stated that the de- 
gree of topical protection depends on the in- 
tensity of the preceding inflammation and 
considered the phenomenon as not specific, 


since various irritative substances inhibit 
topically the hyperergic reaction produced by 
the egg albumin injection. As regards the 
mechanism of this protecting action, the 
aforementioned authors assert that it is 
strictly locally conditioned. 

Method. Fifty white 4-months-old rats 
were used, with a body weight of between 100 
and 130 g, distributed in 5 groups of 10 rats 
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each. All rats received in their right leg a 
subcutaneous injection of 0.25 ml of a 4% 
solution of peptone in water. The rats of the 
first group were given 24 hours later an intra- 
peritoneal injection of 0.5 ml of a 50% solu- 
tion of recently obtained egg albumin. The 
second group had the right sciatic nerve sev- 
ered 20 hours after the peptone injection in 
their right leg, and 4 hours later received an 
intraperitoneal injection of 0.5 ml of the 
albumin solution. The animals of the third 
group were adrenalectomized 18 hours after 
the first injection, and 6 hours later 0.5 ml of 
egg albumin was injected. The rats of the 
fourth group were adrenalectomized 6 hours 
before the peptone injection in their right leg, 
and 24 hours later they received an intraperi- 
toneal injection of 0.5 ml of albumin. Finally, 
in those of the fiftk group the suprarenal 
glands were removed 6 hours before the first 
injection. One hour after the peptone injec- 
tion in their leg they received 5 mg of Merck’s 
cortisone acetate intraperitoneally, and 24 
hours later an intraperitoneal injection of 0.5 
ml of egg albumin. 

The surgical operations—sciatic nerve ex- 
tirpation and adrenalectomy—were carried 
through with ether anesthesia and under 
aseptic conditions. Adrenalectomy was per- 
formed by the posterior route, and the supra- 
renal glands as well as the immediate fat were 
extirpated. After operation the animals re- 
ceived 1% solution of sodium chloride, but 
otherwise their nourishment was similar to 
that of the remaining rats. The animals were 
observed during a period of 4 hours following 
the albumin injection, the intensity of the 
general reaction and the swelling of the in- 
jected leg being recorded. 

Results. The rats of the first group showed 
within 2 hours following the intraperitoneal 
albumin injection an intense edema and hy- 
peremia of snout and fore-legs; the left leg 
was edematous and presented a marked hy- 
peremia, whereas the right leg, which had 
received the peptone injection, showed no re- 
action at all (Fig. 1, No. 1). The local pro- 
tection was evident in 9 rats. 

Six of the second group of rats, whose right 
sciatic nerve was cut after the local peptone 
injection, did not show the protection phenom- 
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FIG. 1, 1) Injection of 0.25 ml of 4% peptone in 
right leg. General hyperergic reaction 24 hr later 
by intraperitoneal injection of 0.5 ml of 50% egg 
albumin. Right leg protected. 2) Injection of 0.25 
ml of peptone in right leg. 20 hr later section of 
right sciatic nerve, and 4 hr later general reaction 
by intraperitoneal injection of albumin (0.5 ml at 
50%). No protecting effect. 3) 18 hr after the 
subcutaneous injection of peptone in right leg (0.25 
ml) bilateral extirpation of suprarenal glands and 
6 hr later peritoneal injection of 0.5 ml of egg al- 
bumin. Right leg protected. 4) Bilateral adrenal- 
ectomy 6 hr before injection of 0.25 ml of peptone 
in right leg. 24 hr later general reaction provoked 
by injection of 0.5 ml of albumin. Absence of the 
local protecting effect. 5) 6 hr prior to the local 
peptone injection, bilateral adrenalectomy. One hr 
after subcutaneous injection of 0.25 ml of peptone 
in right leg, peritoneal injection of 5 mg of Merck’s 
cortisone acetate. 24 hr later injection of egg albu- 
min (0.5 ml intraperitoneally) to provoke general 
hyperergic reaction. Right leg protected. 


enon, and in the remaining animals this phe- 
nomenon was incomplete, the injected leg pre- 
senting a slight edema (Fig. 1, No. 2). 

The rats in the third group—those adrenal- 
ectomized 18 hours following the injection of 
the locally irritating substance—a phenome- 
non of local protection against the general re- 
action provoked by the egg albumin was to 
be seen (Fig. 1, No. 3). 

The animals of the fourth group, the supra- 
renal glands of which were extirpated a few 
hours prior to the subcutaneous peptone in- 
jection in the right leg, did not show the local 


164 


protection. The protecting effect was lacking 
in 9 rats (Fig. 1, No. 4). 

In 7 of the fifth group rats the protection 
was quite evident, but in the 3 remaining ani- 
mals the general reaction which usually is 
produced by the albumin injection did not 
appear (Fig. 1, No. 5). 

Discussion. The results confirm the pro- 
tecting effect which the preceding local appli- 
cation of an irritative substance is able to 
produce against the general hyperergic in- 
flammation provoked by an albumin injection, 
provided that its action precedes the injection 
of the antigen by an adequate time interval. 
In the second piace, they show that this topi- 
cal protection phenomenon may be modified 
by local and general influences, the last of 
which depend on the suprarenal glands. 

The second of the sciatic nerve of the leg 
into which peptone was injected reduces or 
suppresses the protecting effect. Possibly this 
action is connected with the circulatory 
changes—hyperemia, increase of the capillary 
permeability—that follow the section of the 
nerve. 

The effects obtained on the animals belong- 
ing to the third, fourth, and fifth groups are 
more interesting, as they suggest that the 
mechanism of the phenomenon in question 
may not be strictly local and may possibly, 
at least in part, depend on general influences, 
or more concretely, on the action of the supra- 
renal glands. 

While the rats of the third group, which 
retained their suprarenal glands, during the 
period of the local inflammation following the 
subcutaneous peptone injection, display a 
very clear topical protection phenomenon, in 
those belonging to the fourth group, the 
suprarenal glands of which were extirpated 
prior to the local application of the irritative 
substance, the protection is lacking or is very 
limited. The topical protection reappears in 
the rats without suprarenal glands provided 
they receive, a short time after the peptone 
injection in their right leg, an injection of 
cortisone. 

These experiments appear to establish an 
interrelation between the presence or absence 
of the local protection phenomenon and the 
suprarenal gland or its cortical steroids. 
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The antiphlogistic action of cortisone is well 
known, and its effect is partly ‘due to the 
drug’s action on the capillary permeability. 
Moon and Tershavovec(3) showed that the 
inflammation secondary to the local applica- 
tion of thermic irritating agents is diminished 
by treatment with cortisone, which provoked 
an increase of the capillary resistance, and 
that in these animals the diapedesis, the 
capillary hemorrhage and the edema are less 
frequent. Likewise Benditt(4) reported that 
cortisone diminishes the capillary permeability 
and reduces the diffusion area which follows 
the injection of hyaluronidase. Menkin(5) 
observed that the extract of the suprarenal 
cortex suppresses the action of leukotoxine or 
of the total extract of an inflammatory 
exudate. Later on, the same author(6) found 
that some commercial preparations of corti- 
sone increased the capillary permeability. It 
may be that this paradoxical effect is not di- 
rectly caused by the cortisone, but by the 
vehicle in which it is suspended, since the 
powder of this substance does not produce 
any increase of the capillary permeability. 

Apart from this action on the capillary 
walls, cortisone diminishes the processes of 
cellular activity, as has been proved repeat- 
edly. Landauner(7) and Karnofsky and his 
collaborators(8) demonstrated the inhibiting 
action of cortisone on the embryo’s develop- 
ment. More recently, Menkin(9) has shown 
that cortisone acetate suppresses to some ex- 
tent the normal segmentation of the fecun- 
dated eggs of Arbatia punctulata, the sperm 
also becoming inactive. The same results 
were obtained by Rodriguez and the author 
when studying the effect of cortisone upon the 
germination and development of some seeds 
CLO}: 

The conditions of the inflammatory focus 
are modified considerably in all its stages by 
the action of these steroids. Michael and 
Whorton(11) demonstrated that the leuko- 
cytic infiltration as well as the local fibrin 
formation and the degree of edema are modi- 
fied by cortisone during the acute stage of 
the inflammation. Likewise, Selye(12) ob- 
served by means of the pouch granuloma 
method that the introduction of small quan- 
tities of hydrocortisone directly in the wall of 
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the bursa diminishes or prevents the appear- 
ing of inflammatory alterations. 

In view of these results it appears that the 
subcutaneous injection of peptone and the 
secondary inflammation produced by it deter- 
mine the appearance of an alarm reaction. 
The steroids of suprarenal source which are 
produced during this reaction may move from 
the blood to the inflamed tissues due to the 
increase of capillary permeability which takes 
place in the inflamed area, accumulating there 
and modifying the tissue’s conditions and the 
degree of resistance of the capillary wall; they 
also may reduce the activity of the tissue’s 
cells and perhaps prevent the appearance of 
some metabolic factor which is important in 
the development of the inflammatory process. 
Menkin(13) has proved this with the prepara- 
tion F, which prevents or inactivates the for- 
mation of leukotoxine and of the L.P.F., so 
that later on, when the second injection is 
given, the reaction between the antigen—the 
egg albumin—and the tissue’s cell is prevented 
or rendered difficult, either because the move- 
ment of the antigen across the capillary wall 
is impeded, or because the cellular reactivity 
is diminished, which might prevent the anti- 
gen’s reaction with the cell or might render 
impossible the local production of antibodies. 
In any case, the result would be an antiphlo- 
gistic action depending for the most part on 
the stimulation of the suprarenal gland. 

Summary. 1. The hyperergic reaction pro- 
voked in the rat by the intraperitoneal injec- 
tion of egg albumin can be topically inhibited 
by a previously produced local inflammation. 
2. The topical protection phenomenon can be 


modified by local and general influences. The- 
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section of the sciatic nerve of the injected leg 
prevents or diminishes the protecting effect. 
The extirpation of the suprarenal glands prior 
to the application of the locally irritating sub- 
stance prevents the topical protection phe- 
nomenon, which reappears if the animals re- 
ceive immediately after the action of the 
locally irritative agent an intraperitoneal in- 
jection of cortisone. 3. The topical protection 
phenomenon depends partly on the moving, 
from the blood to the tissues, of the corti- 
costeroids which are freed during the alarm 
reaction following the local inflammatory ir- 
ritation; these corticosteroids have an anti- 
inflammatory action which diminishes or pre- 
vents the development of phlogistic alterations 
in the tissues which previously have suffered 
an inflammation. 
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An unsuspected mechanism by which ster- 
oid hormones might influence unicellular me- 
tabolism was suggested in the reports of 
Gaines and her associates indicating that 
dehydroisoandrosterone(1) and cortisone(2) 
replace pteroylglutamic acid (PGA) and citro- 
vorum factor (CF) in supporting the growth 
of certain lactic acid-producing bacteria. 
These reports conceivably offered a method of 
investigating steroid hormone action and, in 
the light of the observed effects of adreno- 
cortical hormones in pernicious anemia(3) and 
in sprue(4), were of particular interest with 
respect to hematopoiesis. As a collateral as- 
pect of studies on PGA metabolism in this 
laboratory, an attempt was made to confirm 
and to explore further by microbial technics 
the relationship between cortisone and PGA 
and CF. 

Methods. The methods described by 
Gaines e¢ al.(2) were duplicated as far as 
possible. The PGA replacing activity of cor- 
tisone and of hydrocortisone was assayed with 
S. faecalis 9790, employing the basal medium 
of Rabinowitz and Snell(5), and with L. casei 
ATCC 7469, employing the medium of Flynn 
(6). Le. citrovorum ATCC 8081, used in the 
assay of CF activity, was grown in the medium 
of Sauberlich and Baumann(7), substituting 
acid-hydrolyzed casein for part of the amino 
acid mixture. All organisms were grown at 
37°C, and growth was measured titrimetri- 
cally in all instances after 72 hours’ incuba- 
tion, and turbidimetrically in some instances 
after 20 hours’ incubation. Crystalline corti- 
sone acetate, cortisone, and hydrocortisonet 
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were each tested in duplicate at least once with 
each organism. Alcoholic solutions of steroid 
were evaporated under vacuum in the assay 
tubes, pre-autoclaved growth media were 
added, and the tubes were then shaken for 30 
minutes prior to inoculation. Serial concen- 
trations of steroid from 0.1 pg/ml to 500 
»g/ml were tested, although undissolved crys- 
tals of steroid remained visible in the media 
at concentrations of 50 »g/ml and above. 

Results. No growth was observed at any 
concentration of cortisone acetate, cortisone, 
or hydrocortisone with any of the organisms 
tested. Furthermore, cortisone acetate at a 
concentration of 50 »g/ml did not potentiate 
the growth response of S. faecalis, L. casei, or 
Le. citrovorum to a wide range of concentra- 
tions of PGA and CF. 


Summary. Cortisone and hydrocortisone, 
added to standard assay media, failed to sup- 
port or to potentiate the growth of S. faecalis, 
L. casei, or Le. citrovorum. 
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The adaptation of the MEF1, Type II 
(Lansing) strain of poliomyelitis virus to the 
developing chick embryo has been reported 
recently by Roca-Garcia and his associates 
(1), and by Cabasso and coworkers(2). This 
adaptation followed the serial propagation of 
the virus in suckling hamsters by Moyer and 
coworkers(3). It seems to have been made 
possible by the continuous passage of the 
virus in this host, which resulted in a remark- 
able increase of virus mouse titers. Proof of 
the identity of the chick-embryo-adapted 
virus as Type II poliomyelitis was derived 
from cross-neutralization tests in mice with 
known standard-type immune sera. Further- 
more, evidence of reduced virulence for pri- 
mates was shown with both hamster and 
chick-embryo-adapted viruses by intracere- 
bral inoculation into rhesus monkeys(1-3). 

This communication presents the results of 
studies undertaken to determine the optimal 
conditions for development of the chick- 
embryo-adapted virus in this foreign host. 
Particular reference is given to the tempera- 
ture and length of incubation, route of inocu- 
lation, age of embryo and invasiveness of the 
virus for the various embryonic tissues. 

Materials and methods. Virus strains. The 
strains of virus used were identified previously 
as MEFI1-A and MEFI1-B(2). The passage 
levels of both lines are given in the descrip- 
tions of the individual experiments. Chick 
embryo inoculation. Seven-day-old White 
Leghorn chick embryos were used unless 
otherwise specified. Inoculation was usually 
made via the allantoic cavity, although in 
some experiments, the yolk sac, amniotic sac, 
and chorioallantoic membrane (CAM) routes 
were also used. The inoculum consisted of a 
20% chick embryo tissue suspension in hor- 
mone broth and the following amounts were 
routinely injected: 0.25 ml in the allantoic 
cavity, 0.4 ml in the yolk sac, 0.2 ml on the 
CAM, and 0.1 ml in the amniotic cavity. In 


most experiments, the whole embryo was har- 
vested and made into a 20% suspension in 
hormone broth prior to titration in mice. 
However, in some cases the embryo was de- 
capitated, heads and bodies being separately 
titrated in mice; in others, the CAM, allantoic 
fluids and other embryonic parts were also 
harvested separately for titration in mice. 
Mouse titrations. Three-week-old Swiss al- 
bino mice were used for the titration of in- 
fected chick embryo fluids or tissues. The 
latter were extracted in the undiluted form 
by means of Ten Broeck grinders and the 
extract was centrifuged at 2,000 rpm for 20 
minutes. Serial 10-fold dilutions were then 
made from the undiluted, centrifuged extract 
and 4 to 6 mice were inoculated intracere- 
brally with 0.03 ml volumes of each dilution. 
Inoculated mice were observed for paralysis 
and death for a period of 21 days. Virus 
LDs5» titers were calculated by the Reed and 
Muench method (4). 

Experimental. Effect of length of incuba- 
tion on multiplication of chick-embryo- 
adapted virus. Two experiments were carried 
out with the MEF1-A strain of virus, using 
the 3rd and the 24th chick embryo passage 
levels. Since the results were practically 


* identical only the experiment made with the 


24th passage virus is described. Fifty-six, 
7-day-old embryos were inoculated with the 
virus via the allantoic cavity. After sealing 
with collodion, the embryos were incubated 
at 36°-37°C. On each of the 9 days, begin- 
ning 2 days after inoculation, 6 live embryos 
were harvested; whole embryos and allantoic 
fluids were pooled separately. The undiluted 
embryo pool extract and the allantoic fluid 
pool from the daily harvests were each titrated 
in mice by the method described above. The 
results, Table I, seem to indicate that a post- 
injection incubation period of 4 to 7 days 
gives optimal virus titers in the whole embryo 
extract with maximal titers at 4 and 5 days. 
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TABLE I. Effect of Length of Incubation on 
Multiplication of MEF1 Chick-Hmbryo-Adapted 
Virus. 


Mouse LD,, titers 


Post-inj. —MEF1-A24—, ,—MEFI1-B24—_, 
incubation, Whole Allantoie Whole Allantoic 
days embryo fluid embryo fluid 
2 1073-8 1071-9 10-4:44 10 4.0 
Gy 10-30 1072-21 10:27 10-374 
4 10-4:76 10-2:38 19-5:50 1072147 
5 1075-9 1071-50 10)-8:50 1071.29 
6 10-4:38 ¥ 1075-9 1071-20 
7 1074-9 10-°:5 10-4:76 1071-0 
8 10-38-88 1071-9 1075-30 1071-9 
9 1072-38 1071:38 10-72-50 * 
10 Oe: OR: t t 


* Not detectabie. 
+ Not done. 


In contrast, there was little variation in the 
allantoic fluid titers, which remained rather 
low. These low titers may well be due to 
virus residue from the inoculum rather than 
to active multiplication of the virus in the 
surrounding CAM with subsequent virus ac- 
cumulation in the fluid. A similar test was 
carried out with the 24th passage level of 
MEFI1-B virus. Its results also suinmarized 
in Table I, are strikingly similar to those ob- 
tained with the MEF1-A 24 virus, with some- 
what higher LD;» titers. 


Effect of incubation temperature on multi- 
plication of the virus. Duplicate experiments 
were made with the 26th and the 28th chick 
embryo passage levels of the MEF1-A virus. 
The results were so similar that only the 
latter is described. Forty 7-day-old embryos 
were each inoculated via the allantoic cavity 
with the virus suspension. After sealing, 
they were divided into 4 groups of 10 embryos 
each, and each group was placed in a separate 
incubator at 32°C) 35 C37) © ort j0eGetor 
5 days. Whole embryos were then harvested 
from each group separately, ground as de- 
scribed above and titrated in mice. The re- 
sults, Fig. 1A, seem to indicate that optimal 
virus titers can be obtained at 5 days by 
holding the chick embryos at either 35°C 
OES CS 

Effect of route of inoculation on multiplica- 
tion of the virus. Following is the description 
of one of the experiments comparing the virus 
titers obtained by different routes of inocula- 
tion. Fifty-six 7-day-old embryos were di- 
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vided into 4 groups of 14 embryos each. They 
were inoculated with the 28th MEF1-A chick 
embryo passage virus, the first group in the 
allantoic cavity (a), the second in the am- 
niotic sac (b), the third in the yolk sac (c), 
and the fourth on the CAM (d). After seal- 
ing, the embryos were incubated at 36°C- 
37°C, for 5 days. Whole embryos were har- 
vested from each group separately. In addi- 
tion, CAM’s were harvested from groups a and 
d. Suspensions of the 6 pools of tissues were 
titrated in mice, Fig. 1B. It seems that the 
ability of the virus to invade the embryo 
proper and to multiply in its tissues 1s equally 
good regardless of the route of inoculation. 
Slightly higher titers were consistently ob- 
tained, however, when the allantoic cavity and 
the yolk sac routes were used. In contrast, 
multiplication of the virus in the CAM seemed 
to be of low grade or even non-existent. 
Effect of age of the embryo on multiplica- 
tion of the virus. Groups of 10 to 20 embryos 
each, varying in age from 5 to 12 days, were 
all inoculated on the same day, via the allan- 
toic cavity, with the 17th MEFI1-A chick em- 
bryo passage virus. They were incubated at 
36°C-37°C for 5 days, then whole embryos 
from each group were harvested separately. 
Embryonic suspensions were titrated in mice 
in serial, 10-fold dilutions, Fig. 1C. Optimal 
virus titers were obtained with 6- to 9-day-old 
embryos. A sudden and drastic change in 
susceptibility to the virus seems to take place 
in embryos 10 days of age or older, for their 
virus titers were very low or insignificant. 
Virus distribution in the infected embryo 
and the effect of inoculum dilution. At fre- 
quent intervals pools consisting of infected 
whole embryos or of separate heads and bodies 
were titrated in mice. This was done to de- 
termine whether the virus multiplied primarily 
in nervous tissue and whether multiplication 
also occurred in other embryonic tissues. 
Effect of inoculum dilution on ultimate virus 
titers was also investigated. A typical ex- 
periment is described as follows: A group of 
20 7-day-old embryos was inoculated with the 
28th MEF1-A chick embryo passage virus via 
the allantoic cavity. After 5 days incubation 
whole embryos were harvested from 10 of the 
eggs and pooled. The other 10 embryos were 
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decapitated and their bodies and heads pooled 
separately. Suspensions from each of the 3 
pools were in turn inoculated into the allantoic 
cavity of 20 7-day-old embryos. In addition, 
serial 10-fold dilutions ranging from 107 to 
10+ were made with the suspension of embryo 
heads and each dilution was inoculated into 
the allantoic cavity of 10 7-day-old embryos. 
Tissues harvested from all groups of embryos 
after 5 days incubation were titrated in mice. 
The results appear in Table II. It seems evi- 
dent that the virus is uniformly distributed 
throughout the embryo with no particularly 
greater concentration in the head. In addi- 
tion, there does not seem to be an optimal 
inoculum dilution: the greater the concentra- 
tion of the virus in the inoculum, the greater 
the virus titer obtained. In addition to de- 
termining the virus distribution in the embryo 
proper, experiments were also devised to study 
its distribution in other embryonic tissues 
and fluids. In one such experiment, 20 
7-day-old embryos were inoculated via the 
allantoic cavity with the 41st MEF1-B chick 


embryo passage virus, which had a mouse 
LDso titer of 10°°:7. After 5 days’ incubation 
the following were harvested from 10 chick 
embryos and the homologous materials 
pooled: whole embryos, CAM’s, amniotic 
sacks, yolk sacs, allantoic fluid, amniotic fluid 
and yolk fluid. Tissues were pooled in their 
entirety whereas only aliquot parts of the 
fluids were combined. Heads and bodies of 
the remaining 10 embryos were harvested 
separately and pooled. Tissue pools were 
made into 20% suspensions and the 9 tissue 
and fluid preparations thus obtained were 
titrated in mice in 10-fold dilutions. The re- 
sults, Fig. 1D, again seem to indicate that the 
virus is uniformly distributed throughout the 
whole embryo. Both allantoic sac and fluid 
once again were found to be relatively poor in 
virus content, whereas amniotic and yolk sacs 
had appreciable titers. Only negligible 
amounts of virus were found in amniotic and 
yolk fluids. 

Effect of repeated freezing and thawing on 
infectivity of the virus for mice. It is well 
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TABLE II. Virus Distribution in Infected Embryos and Effect of Inoculum Dilution. 
elaine Nee er meet ah reece en ae A ee ee 


Dilution of in- 


Mouse LD; titers———, 


Chick embryo oculum (20% Whole Embryo Embryo 
passage level Source of inoculum suspension ) embryos bodies heads 
29 Whole embryos Undiluted aL One et TO geeD Oe 
28th passage 
30 Idem Dee? 
29th passage 
Embryo bodies il Oeee LO ;22 LO mere 
29th passage 
Embryo heads a Ops 10=2 10-2 
29th passage iGPANO) UO ee 
1: 100 LO s82 
1:1000 UD 
1:10000 LO 


known that monkey or rodent-grown polio- 
myelitis virus can survive in the frozen state 
for long periods of time and may even remain 
viable for months when stored at +4°C. The 
virus also survives repeated freezing and 
thawing. The following experiment was per- 
formed to determine whether this characteris- 
tic of poliomyelitis virus was maintained after 
its adaptation and serial propagation in the 
chick embryo. A group of 20 7-day-old em- 
bryos was inoculated via the allantoic cavity 
with the 27th MEF1-A chick embryo passage 
virus. After 5 days’ incubation the whole 
embryos were harvested, pooled, and an un- 
diluted extract prepared as described under 
Methods. A portion of this extract was at 
once titrated in mice in 10-fold dilutions and 
10.0 ml of the remainder were shell-frozen in 
a glass vial and stored at -35°C. Beginning 
the next day and every 4th day thereafter, 
the frozen suspension was thawed under cold 
running water, and a quantity of material 
sufficient for one virus titration was removed. 
The remainder was refrozen and stored. This 
operation was repeated 9 times. Fig. 1E 
shows the mouse LD; titers obtained at the 
different thawings, and indicates that the 
viability of the chick embryo propagated 
virus exhibited surprising resistance to 9 con- 
secutive freezings and thawings. It is worth 
noting that, following the first thawing, the 
virus titer was found to be over a full 10-fold 
higher than that of the fresh preparation, an 
observation which has been made on a great 
number of other preparations of this virus. 
It cannot be argued that freezing helps to 


free more virus particles from cells which re- 
mained intact, since the undiluted chick em- 
bryo extract was centrifuged prior to freezing. 
A more appropriate explanation may be that 
freezing helps disperse virus aggregates pres- 
ent in the fresh extract. 

Effect of chick embryo propagated MEF 1 
virus on hatchability of infected embryos. 
It was repeatedly observed during the course 
of this study that although embryos infected 
with either one of the 2 strains of chick em- 
bryo adapted MEF1 virus seemed to over- 
come the infection around the 12th to 13th 
day following inoculation, very few chicks 
hatched out and the great majority died be- 
tween the 22nd and 26th day of total incu- 
bation. The following experiment illustrates 
the influence of the virus on the hatchability 
of infected embryos: A total of 60 7-day-old 
embryos was divided into 3 groups of 20 
embryos each and inoculated via the allantoic 
cavity. Group 1 was inoculated with the 
65th MEF1-A passage virus, having a mouse 
LD5o titer of 10°-45. Group 2 received the 
47th MEFI1-B passage virus with an LDso 
titer of 10°-*4, and Group 3 was injected with 
an equal volume of sterile broth diluent. All 
embryos were incubated at 36°-37°C until 
they hatched out or died. The results, Table 
III, show a significant difference between the 
number of control and infected embryos that 
hatched out. It may also be observed that 
strain B seemed to allow fewer embryos to 
hatch out than did strain A. However, the 
difference between these may well be within 
the range of experimental error. It should be 
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TABLE III. Effect of Chick Embryo Propagated MEF1 Virus on Hatchability of Injected 


Embryos. 
ee Ee SS EEE EEE ee eee 
———$———————— 


———_——— Virus injected 


—— Broth control ——_, 


=e 
Age of ——_MEF1-A65——__,_, MEF1-B47——_—_, 
embryo Alive Dead MHatched Alive Dead Hatched Alive Dead Hatched 

8 20 20 20 

10 20 19 1 19 i 

ital 20 19 19 

12 20 iy 2 19 

13 20 iy 19 

14 20 16 1 18 1 

15 20 16 18 

17 19 if 16 18 

18 18 1 15 1 18 

19 18 15 aly 1 

20 18 15 iN 

21 17 al 15 16 1 

22 15 2 12 3 16 

24 8 1 6 3 6 3 8 2 6 

25 5 3 0 3 2 1 5 

26 1 4 2 

27 0 il 0 2 
Total 0 13 7 0 7 3 0 ff 13 
% 0 65 35 0 15 0 35 65 


noted that the temperature of incubation 
(36°-37°C), though optimal for multiplica- 
tion of the virus, was substantially lower than 
the optimal hatching temperature (38°- 
40°C). This may explain the fact that only 
13 out of the 20 control embryos hatched out, 
with a delay of from 3 to 7 days over the 
normal hatching time of 21 days. 


Summary. 1. Effects of incubation time 
and temperature, age of embryo and route of 
inoculation on multiplication of a Type 2 
chick-embryo propagated poliomyelitis virus 
were studied. The distribution of the virus 
in chick embryo tissues and fluids, and its 
action on the hatchability of infected em- 
bryos, were investigated. 2. Optimal condi- 
tions for multiplication of the virus were in- 
oculating 6- to 9-day-old embryos via either 
the allantoic cavity or the yolk sac, and in- 
cubating for 4 to 6 days at 35°-37°C. 3. The 


best source of ‘the virus was the embryo 
proper. No greater concentration of virus 
was found in the head than in the body. 4. 
Although the embryos seemed to overcome the 
infection by the 12th or 13th day, relatively 
few hatched out. The majority died between 
the 22nd and 27th day of total incubation. 
5. The mouse LD;, titers of the chick-embryo- 
adapted virus were essentially unaffected by 
9 consecutive freezings and thawings of the 
same virus preparation. 
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Scintillation Counter Assay of I’?! and P® in Blood Volume Studies. (20822) 
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(Introduced by B. J. Jandorf.) 


From the Biophysics Division, Chemical Corps Medical Laboratories, Army Chemical Center, Md. 


The studies of this report were designed to 
investigate the use of the sodium iodide crys- 
tal scintillation counter to determine simul- 
taneously the volumes of distribution of red 
cells labeled with P*? and albumin labeled 
with I'*!. Berson and Yalow(1) have used 
this combination previously measuring the 2 
isotopes with separate counting systems. The 
procedures used in measuring the circulating 
red cell mass and the plasma volume simul- 
taneously have been reviewed by Berson and 
Yalow(1) and by Sjostrand(2). In most of 
these methods chemical as well as isotope 
labeling is required and a single isotope is 
used. In the procedure described in this 
report, 2 isotopes are injected together and 
the individual activities analyzed from the 
same sample of whole blood. 

Method. Although the well-type sodium 
iodide crystal scintillation counter was de- 
signed primarily for the assay of ‘‘gamma” 
activity from liquid samples, it is also sensitive 
to high energy beta emissions that penetrate 
the light shield covering the crystal. The 
presently used crystal (Harshaw Chemical 
Co., Cleveland, Ohio) is sheathed with 0.032 
inch of aluminum. From P*?, a pure beta 
emitter (beta max. 1.7 mev), 2 x 10* counts 
per minute per microcurie were obtained. The 
above mentioned amount of aluminum will 
absorb approximately 70% of the incident 
beta rays from the radioactive phosphorus. 
To avoid the further absorption that would 
be present with the glass wall of the conven- 
tional test tube, a thin walled plastic (‘Lus- 


teroid,”’ International Equipment Co., Boston, 
Mass.) test tube (13 mm I.D.) was used to 
contain the sample during the counting. 
Approximately 5.3 x 10° counts per minute 
per microcurie were obtained from I'*? with 
the equipment used. Separation of the ac- 
tivities of the 2 isotopes was obtained by 
counting twice; once when the test tube was 
placed within a brass cup (wall 1 mm thick, 
equivalent to 840 mg/cm?) and once without 
the cup. This thickness of brass is sufficient 
to prevent penetration of the primary P®? 
beta rays, but counts are still obtained 
through the brass, presumably as a result of 
secondary Bremsstrahlung X-rays. With the 
instrumentation used in the studies of this 
report, the P** counting rate with the cup 
was reduced to 20% of that for the same 
sample without the cup, and the I**! count- 
ing rate with the cup was 95% of that with- 
out it. Changes of these “cup factors’ were 
observed when different photomultiplier tubes. 
were used, but no changes were found with a 
given tube. Factors (fp and fy) varying be- 
tween 15 and 30% were found for the P*? 
counting rates and between 91 and 98% for 
the I™*1. Individual activities of the 2 iso- 
topes were calculated by solving the following 
simultaneous equations: 
Counts without cup = J* counts + P® counts 
Counts with cup = f, I’ counts + fp P® counts. 
It was found necessary to have high count- 
ing rates and to adjust the relative activities 
so that 2 to 3 times as many counts were 
obtained from the phosphorus as from the 


TABLE I. In Vitro Studies. 


-——I (iodinated albumin). | ——-P® (sodium phosphate), 


Diluent -—Alkaline saline—, Blood 7—Alkaline saline—, Blood 
Unmixed* Mixed* Unmixed* Mixed* 
Avg of 10 samples, 2993 2927 2963 7927 7793 7470 
counts/min, 
Coefficient variation 1.9% 2.8% 2.6% 1.0% 1.9% 2.6% 
Ratio: Mixed/unmixed .98 .99 .98 94 


* See text for explanation of unmixed and mixed solutions. 
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iodine. In the present experiments, the 
average counts were approximately 6,000 
counts per minute for the P®? and 2,500 counts 
per minute for the I**'. Three-minute count- 
ing periods were used and each sample was 
counted in duplicate. The iodinated (I'*1) 
human serum albumin and a sterile buffered 
sodium phosphate (P**) solution were ob- 
tained from Abbott Laboratories, North Chi- 
cago, Ill. 

In Table I are presented data obtained 
from an in vitro “recovery” study. From a 
solution containing P*? (sodium phosphate) 
and from a separate one containing I'*? 
(iodinated albumin), 1/20 dilutions were 
made and counted separately (unmixed val- 
ues, Table I). Equal parts of the 2 solutions 
were then mixed and recounted at a 1/10 
dilution, diluents being saline containing 
0.2% NaOH and whole heparinized blood. 
These samples were counted both with and 
without the cup and the separate activities 
of the 2 isotopes were calculated (mixed 
values, Table I). The observed lower counts 
from whole blood, as compared to saline, are 
‘considered due to the difference in the density 
of the 2 solutions; blood 1.057 g/cm’, alkaline 
saline 1.012 g/cm®. Two specific problems 
were encountered in the handling of these 
radioactive agents. First, with high dilutions 
of the iodinated albumin it was noticed that 
as much as 20% of the activity appeared to 
be “lost”. Attraction of the protein to the 
wall of the glassware was considered respon- 
sible and the effect was not observed if 
amounts of carriet albumin, in the form of a 
few ml of plasma, were added to the primary 
dilution. This precaution was suggested by 


Dr. C. Leewallen of the Brookhaven National 
Laboratory. Secondly, it was observed that 
the P*? activity in the counting tubes appeared 
to increase, when counted on successive days, 
if neutral water or saline solutions were 
used. This effect was explained by postulat- 
ing adherence to the wall of the plastic tube, 
thus changing the geometry so that less of the 
beta energy was absorbed in the water and a 
higher counting efficiency resulted. The phe- 
nomenon was not observed when the diluent 
was whole blood or alkalinized saline. 

In vivo dilution measurements. The results 
of a preliminary experiment describing the 
blood dilution values of P** tagged red cells 
and of iodinated (I**!) human serum albumin 
in a 10 kg dog are plotted in Fig. 1. The dog 
red cells were labeled in the manner described 
by Hahn and Hevesy(3) and.as modified by 
Berson and Yalow(1), but a higher dosage of 
P*? was used than was recommended by either 
of these authors. The final cell preparation 
contained approximately 100 microcuries of 
P*?. A few ml of plasma containing 1.5 micro- 
curies of iodinated (I'?') albumin were then 
added to the cell suspension and mixed thor- 
oughly. Prior to the injection into the dog, 
an aliquot of the mixture was taken and 
diluted in alkaline saline to serve as a refer- 
ence standard from which to analyze the dose 
per liter activity concentration for each agent. 
Blood samples were drawn at 10-minute in- 
tervals. Three ml amounts of heparinized 
whole blood were counted and the separate 
activity concentration for each isotope was 
determined as described. The P*” counts 
from blood were divided by the factor of 0.96 
to correct for the loss of counts from the some- 
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what denser blood as compared to the alkaline 
saline standard. Red cells were prevented 
from settling in the whole blood samples by 
manual agitation with wire loops prior to the 
counting. The cells were hemolyzed with 
saponin in the standard solution. The results 
(Fig. 1) show close superimposition of the 
values indicating near equality of the volumes 
of distribution of these 2 agents. 

Summary. The use of the well-type sodium 
iodide crystal scintillation counter to measure 


Phosphate (P®2) Exchange in Brain Phospholipids in vivo and in vitro. 
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P®? and I! from a single sample of whole 
blood is described. The individual activities 
are calculated from data obtained with and 
without a metal cup absorber. 
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It is now well established that adult neural 
tissue can synthesize phospholipids im vitro 
as well as im vivo(1-7), and the inference that 
these ‘“‘structural’” components of the cell are 
involved in normal functional metabolism has 
some direct support (6-8). On the other hand, 
the slow phosphorus turnover of brain phos- 
pholipids would preclude a very active metab- 
olism unless the apparent low overall specific 
activity in fact represents high activity of a 
small fraction. In favor of this, it had been 
shown(1,2) that P*®? is incorporated to a 
greater extent into brain cephalins and 
sphingomyelin than into lecithins; and in in 
vitro studies we observed much higher specific 
activities in some lipid fractions than in 
others. Further study shows a highly active 
protein moiety (derived from lipoprotein) 
which may represent a part of the inositol 
metadiphosphate complex isolated by Folch 
and Lees(9). 


Methods. In vitro, the brains of 6 to 12 


* A preliminary report of in vitro results appeared 
in Fed. Proc., 1953, v12, 139. 

t Supported by contract between the Office of 
Naval Research and the University of Chicago. 

+ Fellow of the National Institutes of Health, U. S. 
Public Health Service. 

§ Present address: Neuropsychiatric Institute, Di- 
vision of Psychiatry, University of Illinois. 


male Sprague-Dawley rats were used in each: 
experiment. Each brain was homogenized in 
8.0 cc of 0.01 M potassium phosphate buffer 
(pH 7.4) immediately after it was removed 
from the skull and kept at —7°C until the 
brain tissues of the different animals were 
combined. The entire homogenate, together 
with NasHP?°O,, glucose (10+ M), K ATP’ 
(3.1-x'104 M); DPN i(6-14) 10°) cy tox 
chrome c (5 x 10° M), MgCls (8.0 x 107 M), 
and KF (8.0 x 10° M) was incubated at 
37°C in the Warburg water bath. After 
shaking for 20 minutes, one hour, or 2 hours, 
the tissue was separated from the incubating 
medium by centrifugation at —7°C for 20: 
minutes at an R.C.F. of 2700 times gravity. 
The lipids were extracted from the brain 
tissue at 4°C with 20 volumes of cold chloro- 
form-methanol (2:1) per g of tissue(9), and 
the extract was separated from the residue by 
filtration at 4°C. The residue was reextracted 
2 more times, the 3 filtrates were combined, 
and were washed several times with distilled 
water at 4°C by the method of Folch(9) to 
remove water-soluble contaminants. The 
chloroform-methanol extract was then dried 
in vacuo. ‘This process released some of the 
protein from lipoprotein elements which were 
soluble in chloroform-methanol(9). 

The lipids were redissolved in 20 volumes 
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TABLE I. Specific Activities of Various Fractions after Incubation of Brain Homogenates 


Wath (Pe ation oO. 
SSS, 


; Lipid 
_ Time of Inorganic Organic Lipid i 
incubation phosphate* Delta 7* acid-soluble* extract Delta 7 
20 min. 1188 ~- 929 753 Gib 1.2 alOne 
Lhr 1132 972 (a vi 
25 1124 945 138 1.2 ik. 


* “77 jag va VQ 7 PPO } sf 2 a. . a 
Brain tissue was separated from medium by centrifugation, These fractions were isolated 


from supernatant. 


TABLE II. Specific Activities of Various Crude Fractions Obtained from Lipid Extracts of 
Brain Tissue. 


ee ee ee 
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In vitro. Separation of protein: 


% total ae ee 

Fraction JEAB Se Optimal Partial Omitted In vivo 
Inorganic phosphate of medium 1025 
Entire lipid extract* 100 1.0 1.0 1.0 1.0 
Protein 1-2 20.4 13.0 77 
Acetone soluble 1-2 25 84 
Methanol ” 88-95 .20 .62 55 92 
Ether ae 2-6 5.32 6.19 9.48 ie 
Chloroform-methanol soluble 0.5-3 2.71 8.07 17.4 99 


* Specific activity of entire lipid extract designated as unity. 


of chloroform-methanol and separated from 
the insoluble protein components by filtration 
at 4°C. The protein moieties were washed 
6 to 10 times with a total of over 100 vol- 
umes of chloroform-methanol to remove ad- 
hering lipids. The lipids which had been 
redissolved were dried in vacuo again. The 
dry residue was then extracted at 0°C 5 times 
with a total of 100 volumes of each of the 
following solvents: acetone, followed by 95% 
ethyl alcohol, and finally diethyl ether. The 
residue was redissolved in chloroform-meth- 
anol. Although each of these fractions con- 
tains a mixture of substances(10), the choline 
lipids are found predominantly in the meth- 
anol extract, whereas the cephalins are solu- 
ble, for the most part, in ether and chloroform. 
‘The specific activities (counts/min./yg of 
phosphorus) of the entire extract and of the 
different fractions were measured after ashing 
in 10 N HsSO,z for 12 hours at 110°C. The 
exchange of P*? in the acid-soluble lipopro- 
teins was not investigated. In one experi- 
ment, the specific activity of the phosphate 
‘of the incubating medium was measured. In- 
organic and delta 7 phosphates were precipi- 
tated as MgNH,PO,, and the remaining “or- 
ganic acid-soluble’ phosphate (representing 
mainly the phosphate of the glycolytic inter- 


mediates) was obtained by ashing at 110°C 
in 10 N HeSO, for 12 hours. The specific 
activities of these components were ascer- 
tained after incubation times of 20 minutes, 
one hour, and 2 hours. Also, in one experi- 
ment, sphingomyelin was isolated according 
to the method of Brante(10). 

In vivo, 375 pc of P®* were injected intra- 
peritoneally into each of 4 rats, and the ani- 
mals were sacrificed 20 hours later. The lipids 
obtained from the brains of these animals by 
homogenization in chloroform-methanol were 
washed and divided into crude fractions as 
described above. In other experiments, rats 
were injected with 200 pc of P*” and sacrificed 
20 minutes, one hour, 4 hours, and 20 hours 
later. In this case, the lipids were isolated in 
a single fraction by the method of Schneider 
(11) and the specific activity of the entire 
extract was measured. 

Results. In vitro, the total phospholipids 
as well as the acid-soluble components of the 
medium reached their maximum specific activ- 
ities within 20 minutes after the start of in- 
cubation and then held constant through the 
2-hour period (Table I). The lipid extract 
attained a specific activity approximately 
1/1000 that of the inorganic phosphate of the 
medium. 
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TABLE III. Specific Activities of Lipid and Delta 

7 Fractions of Normal Rat Brain at Various Times 

after Intraperitoneal Injection of 200 Microcuries 
of P® per Animal. 


Lipid 
No. Lipid Delta 7 
Time animals (+115.D.) (+18.D.) Delta7 
20 min. 3 .057 21.3 26x LOS 
(+.018) (+ 4.3) 
1hr 3 24 39.3 Gal S< AMOS 
(EE: 016) a Gee ie) 
t 3 95 34.6 Pe Ne 
(#.26 ) (+ 4.0) 
20) ¥ 2 3.0 29.8 1) Se aE 
Ce) 526) 


In other experiments the lipids were divided 
into crude fractions as described above. Tak- 
ing the specific activity of the entire phospho- 
lipid extract as unity, values of the fractions 
varied from 20.4 for the protein to 0.2 for 
the methanol portion—a 100-fold range 
(Table II). Sphingomyelin, actually isolated 
from the lipid fraction, had a specific activity 
of only 0.09 on this scale; and, conversely, 
when the preliminary separation of the pro- 
tein was less complete, or was omitted, its 
activity appeared mostly in the chloroform- 
methanol fraction (Table IT). 


In vivo, by contrast, the specific activity of 
the total phospholipids rose continuously for 
the 20-hour period (roughly linearly during 
the first few hours after the intraperitoneal 
administration of P®* (Table III), and a con- 
siderably greater amount of P*? was eventu- 
ally incorporated im vivo than in vitro (see 
also(4)); approximately 80 times as much 
after 20 hours, if it is assumed that the delta 
7 fraction comprises the source of the phos- 
pholipid phosphate. Moreover, all fractions 
showed approximately the same specific activ- 
ity, the range being 0.73 to 0.99 (Table II). 

Discussion. Two points require attention 
in comparing in vivo and in vitro results: 
1) the much reduced turnover in vitro, both in 
time to equilibrium and in total; and 2) the 
great quantitative differences in turnover be- 
tween fractions im vitro but not in vivo. A 
loss of general synthetic power in vitro is un- 
derstandable as a result of the limited avail- 
ability of adenosine triphosphate(14), dilu- 
tion of reactants, enzyme destruction(3), or 
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activation of autolytic reactions(12) conse- 
quent to the disruption of structure. For 
example, the relative excess of breakdown to 
synthesis in brain homogenates decreases the 
total lipid content by 10% to 15% after 
several hours incubation(4,13). The second 
point, that in vitro turnover is perhaps limited 
to one or 2 “trace” components of the total 
phospholipids, can be interpreted along similar 
lines if it be assumed that the active sub- 
stances normally serve as phosphate carriers 
to the other phospholipids. Jn vivo all steps 
in the sequence are intact and the specific 
activities rise more or less together; 7 vitro 
the lipoprotein step primarily remains, with 
the results observed. 

In in vitro experiments it was observed that 
the “active” material of the protein moiety 
was predominantly chloroform soluble. Since 
the protein fraction actually contains diphos- 
phoinositide(15) which is soluble almost ex- 
clusively in wet chloroform, it is possible that 
this substance contains most of the P** incor- 
porated into the protein fraction. However, 
the relatively high specific activity of the 
ether soluble material indicates that other 
cephalins are also involved in phosphate ex- 
change in vitro. 

Summary. In vitro, the specific activity of 
the phospholipid phosphate reaches a maxi- 
mum within 20 minutes after the start of in- 
cubation, while zm vivo the specific activity of 
this fraction rises continuously for at least 20 
hours after the intraperitoneal administration 
of P?*. When the lipid extract is divided into, 
crude fractions, it is observed in im vitro ex- 
periments that the specific activities of these 
fractions are markedly dissimilar. Con- 
versely, the specific activities of these frac- 
tions are approximately the same when ob- 
tained from the brains of rats that had been 
injected with P** 20 hours previously. Some 
of the factors involved in these findings have 
been discussed. 
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Most microbiological assay methods are 
based on the principle that an assay organism 
grows and produces acid proportionately to 
the concentration of an essential nutrient 
added at different levels to a basal medium 
lacking this substance but otherwise nutri- 
tionally complete. In amino acid assays the 
ratios between the moles of acid produced 
and nutrient added range from about 600:1 
(glutamic acid) to 11,000:1 (tryptophan). 
Magnification in response evidenced by such 
ratios is a general characteristic of titrimetric 
microbiological assays. 

From unpublished studies in this laboratory 
it became apparent that the magnification in 
response inherent in a given microbiological 
assay could be compounded by means of a 
2-stage process in which the growth of a 
primary organism is regulated by the level of 
an essential nutrient added to the basal me- 
dium and that of a secondary organism by the 
level of an essential nutrient introduced into 
the basal medium as a metabolic product of 
the primary organism. 

The determination of an amino acid by a 
compound microbiological assay procedure is 
described for the first time in this report. 
Lactobacillus casei 280-16 was selected as the 
secondary assay organism because of its re- 


* Paper 99. This work was aided by grants from 
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sponse to D-lactic acid, a metabolic product 
of many assay organisms(1). The antici- 
pated gain in sensitivity with this secondary 
assay was about 2000-fold since the quantity 
of L-lactic acid produced (available for titra- 
tion) by L. casei 280-16 has been shown to be 
about 2000 times that of the D-lactic acid 
available for the growth of this organism(1). 
Lactobacillus casei « (American Type Culture 
Collection No. 7469) was selected as the 
primary assay organism because it produces 
only relatively small amounts of D-lactic acid 
(1). The resulting relatively low effective 
magnifications (ratios between D-lactic acid 
produced and nutrient added) in primary 
assays with this organism seemed desirable in 
preliminary studies to avoid difficulties which 
might be anticipated in compound assays: 
with the highest over-all magnifications. 
Arginine was selected as the test amino acid 
since it may be determined satisfactorily in 
biological materials by a standard (one-stage) 
assay with L. casei «(2). 

The compound microbiological assay 
method described in the present report for the 
determination of arginine with L. casei e and 
L. casei 280-16 in combination has proved to 
be approximately 140 times as sensitive as the 
standard procedure while retaining the advan- 
tage of conventional macroscale manipula- 
tions. Since other organisms commonly em- 
ployed in standard assays produce propor- 
tionately much more D-lactic acid than 
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L. casei ¢, it is anticipated that compound 
assay methods may be made available in 
which the over-all increases in sensitivity are 
several thousand fold. Studies involving the 
determination of amino acids in biological 
materials readily obtainable only in small 
quantities would be greatly facilitated if 
microbiological assay procedures of high sen- 
sitivity were available. For example, 2000 
specimens of Leptinotarsa decemlineata were 
required to furnish blood sufficient for the 
microbiological determination of 13 amino 
acids in the deproteinized plasma of this in- 
sect(3). One specimen would have sufficed 
if a compound assay procedure of 2000-fold 
over-all sensitivity had been available. 


Preparation of standard. Aliquots of a stock 
solution containing 1.000 mg of L-arginine 
per ml? in 0.5 MN hydrochloric acid were 
neutralized approximately to pH 7.0 imme- 
diately before use and diluted to give 2 work- 
ing standard solutions containing, respec- 
tively, 10-* and 5 x 10°* mg of L-arginine per 
ml. From one to five 0.2 ml aliquots of the 
2 solutions were pipetted$ into 13 x 100 mm 
soft glass test tubes in combinations yielding 
from 0 to 3.x 10°* mg of L-arginine per tube 
in steps increasing by 2 x 10° mg per tube. 
Triplicate tubes were employed for each of 
the resulting 15 standard dosage levels. 
Preparation of samples. Protein samples 
were hydrolysed by refluxing them for 20 
hours in 10 volumes of 8 V hydrochloric acid. 
An appropriate aliquot of each hydrolysate, 
neutralized approximately to pH 7.0 imme- 
diately before use, was diluted to contain ap- 


+ The effective magnification in the primary assay 
~with L. casei e was expected to be only about 3% of 
‘that found by direct titration since only about 3% 
of the titratable acid produced by this organism is 
D-lactic acid(1). On this basis the over-all gain in 
sensitivity would be 60 fold (3% of 2000, the antici- 
‘pated gain in sensitivity in the secondary assay). 
‘The actual gain was more than twice that predicted 
‘due to improvements in experimental conditions. 

+ The monohydrochloride (C. P. product of Amino 
Acid Manufactures). The stated concentrations are 
«calculated for the free amino acid. 

§ All repetitive pipettings were made with the aid 
-of a Brewer automatic pipet (Baltimore Biological 
Co.). 
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proximately 2.5 x 10+ mg of L-arginine per — 
ml. One to five 0.2 ml aliquots of each sam- _ 
ple solution were pipetted into test tubes by — 
the same procedure as that employed with the — 
standard solutions. Triplicate tubes were 
used for each of the resulting 5 sample dosage 
levels. A sufficient number of 0.2 ml portions 
of water were added to the sample and stand- 
ard tubes to bring the volume in each to 1.0 
ml, and the assay medium was added as de- 
scribed below. 

Primary assay medium. Sufficient medium 
for 100 assay tubes was prepared by dissolv- 
ing 37.5 mg of amino acid mixture, 61.8 mg 
of vitamin-mineral mixture,’ 30 mg of cal- 
cium acetate monohydrate, and 600 mg of 
glucose in 60 ml of hot water** followed by 
the addition of 15 ml of buffer solution,*t 
17.5 ml of 3 N sodium chloride solution and 
sufficient water to make 100 ml. The medium 
was filtered and 1.0 ml was pipetted into each 
assay tube. The complete rack of assay 
tubes constituting an entire experiment was 
closely covered with a sheet of clean aluminum 
foil and autoclaved for 15 minutes at 15 lb. 
The tubes were allowed to cool without agi- 


|| A dry stock mixture was prepared by grinding 
the following constituents together in a mortar: 
9.28% each of DL-alanine, L-cysteine.HCl, L-glu- 
tamic acid, DL-leucine, DL-lysine. HCl, and DL- 
serine; 4.64% each of L-aspartic acid, glycine, DL- 
isoleucine, DL-phenylalanine, DL-threonine, DL- 
tyrosine, and DL-valine; and 2.37% each of L-histi- 
dine.HCl.H,0, DL-methionine, DL-norleucine, L- 
proline, and DL-tryptophan. 

| A dry stock mixture was prepared by grinding 
the following constituents together in a mortar: 
MgSO, (anhydrous) 47.5%, inositol 12.17%, 5.84% 
each of adenine sulfate, guanine hydrochloride, 
uracil and xanthine, choline chloride 4.87%, FeSQy,. 
6H,0 4.55%, MnSO,.H,O 3.70%, 0.97% each of 
riboflavin and niacinamide, 0.49% each of thiamine. 
HCl and calcium d-pantothenate, pyridoxine HC] 
0.78%, 0.049% each of pyridoxamine.2HCl, pyridox- 
al.HCI and p-aminobenzoic acid, and 0.0024% each 
of biotin and folic acid. 

** A small amount of relatively insoluble material 
was left undissolved in preference to heating the 
mixture excessively. 

+t The aqueous solution contained ammonium ace- 
tate 11.53%, sodium acetate 11.72%, and 1.0% each 
of potassium monohydrogen and dihydrogen phos- 
phates. 
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tation and were immediately inoculated as 
described below. 

Primary inoculation. The stock culture of 
L. casei « (A.T.C.C. 7469) was maintained in 
Yeast-Dextrose Agar (Difco product) stabs. 
Serial transfers were made at 3-week intervals 
and the resulting cultures were stored in a 
refrigerator after about 40 hours of incuba- 
tion at 35°C. A liquid inoculum medium was 
prepared by dissolving 10 g of Bacto-Peptone 
(Difco product), 5 g of Bacto-Yeast Extract 
(Difco product), 206 mg of vitamin-mineral 
mixture,! and 20 g of glucose in 500 ml of hot 
water** followed by the addition of 50 ml of 
buffer solutiontt and sufficient water to make 
one liter. This medium was covered with a 
layer of toluene and stored in a refrigerator. 
A 15-ml aliquot was placed in a 50-ml cen- 
trifuge tube. The tube was plugged with 
gauze-covered cotton, autoclaved 15 minutes 
at 15 lb, cooled without agitation, inoculated 
immediately from the stab culture and incu- 
bated for 18 hours at 35°C. The resulting 
growth was washed by centrifuging it (the 
cotton. plug was secured at the top of the 
centrifuge tube with a rubber band), resus- 
pending it aseptically in 15 ml of sterile 
0.85% saline solution, and repeating the 
process 3 times. One-tenth ml of the final 
suspension was added aseptically to 100 ml of 
sterile 5.4% glucose solution, and 1.0 ml of 
the resulting mixture was pipetted aseptically 
into each (previously sterilized) assay tube. 
The aluminum foil cover, which had been 
removed (and the underside kept sterile) 
during the few minutes necessary to add the 
inoculum mixture to the assay tubes, was re- 
placed carefully to avoid bacterial contamina- 
tion and the rack of assay tubes was incu- 
bated in a precision water bath at 35°C for 
from 65 to 70 hours. At the end of this in- 
cubation period the resulting cultures (the 
amounts of growth obtained were insufficient 
to be evident by visual observation) were 
sterilized by steaming for 30 minutes at 
100°C in the autoclave, cooled and imme- 
diately supplemented with the inoculated sec- 
ondary medium as described below. 

Secondary assay medium. Sufficient me- 
dium for 100 assay tubes was prepared in 2 
parts as follows: Part I was prepared by dis- 
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solving 20.6 mg of vitamin-mineral mixture’ 
and 2.4 g of N-Z-Case (an enzymatic digest 
of casein supplied by Sheffield Farms Co.) in 
about 40 ml of hot water** followed by the 
addition of 5 ml of buffer solutiontt and suf- 
ficient water to make 50 ml. The resulting 
solution was filtered and autoclaved in a cot- 
ton stoppered flask for 15 minutes at 15 lb. 
Part II was prepared by dissolving 2.0 g of 
glucose in about 40 ml of hot water followed 
by the addition of 5.50 ml of NV hydrochloric 
acid and sufficient water to make 50 ml. The 
resulting solution was autoclaved in a cotton 
stoppered flask for 15 minutes at 15 lb. The 
2 parts were combined aseptically after cool- 
ing and were inoculated as described below. 


Secondary inoculation. The culture of 
L. casei 280-16 described previously(1) was. 
maintained in the manner described above for 
L. casei «, and the inoculum suspension was 
prepared following the procedure described 
above for the primary inoculation except that 
only one washing with sterile saline was em- 
ployed. Six-tenths of one ml of the final sus- 
pension of L. casei 280-16 was added asepti- 
cally to the 100 ml of sterile secondary me- 
dium, 1.0 ml of the resulting mixture was 
pipetted aseptically into each assay tube em- 
ploying the same procedure as for the primary 
inoculation, and the rack of tubes was re- 
placed in a precision 35°C water bath for an 
additional 40 hours of incubation. 


Titration and calculation. At the end of 
the final incubation period growth was ter- 
minated by steaming the rack of tubes in the 
autoclave for 20 minutes at 100°C. The con- 
tents of each triplicate set of tubes were com- 
bined and rinsed into a 50-ml Erlenmeyer 
flask with an equal volume of water. Three 
drops of an 8 mg per ml solution of brom- 
thymol blue in 50% ethanol were added to 
each flask and the mixtures were titrated to- 
pH 7.0 (blue-green end point) with standard- 
ized approximately 0.1 N NaOH.+} The 
standard titration values were plotted graph- 


tt This procedure of titrating the combined tripli-- 
cate cultures was found to give nearly the same re- 
sults with nearly the same probable errors as that 
of titrating the separate cultures and averaging the 
separately determined values. 
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TABLE I. Percentages of L-Arginine Found in 

Casein, Gelatin, and Silk Fibroin by the Standard 

and Compound Microbiological Assay Methods.* 
Hight trials.t 


— Gelatin—, —Silk fibroin— 
Type of microbiological assay 


-— Casein — 


Stand- Com- 
ard pound Stand. Comp. Stand, Comp. 
\ % aN 
3.72 3.26 8.84 8.19 1.04 ay) 
3.70 3.43 8.68 9.39 1.01 1.04 
3.68 3.50 8.70 9.28 1.03 27 
3.68 3.67 9.02 9.93 1.04 1.15 
3.62 3.65 8.78 8.92 1.00 1.08 
3.65 3.58 8.77 8.75 1.01 89 
3.62 3.25 8.70 9.33 99 1.10 
3.68 3.58 8.76 8.57 1.02 not 
Averages 
3.67 3.49 8.78 9.04 1.02 1.02 


Probable error of each trial calculated 
as % of avg 
-66 3.2 84 4.1 1.2 6.1 
Probable error of avg value calculated 
as % of avg 


+23 itil .30 1.4 43 2.2 
Ratio between probable errors 
1: 4.8 1: 4.9 IES Holl 


* All arginine values calculated on basis of mois- 
ture and ash-free protein. The casein and silk 
fibroin were the products described previously (4). 
The gelatin was a first extraction pigskin product 
of the Knox Gelatin Company. Values for arginine 
are in good agreement with those reported in the 
literature. Included among the latter are casein 
3.7%, avg of values from 9 laboratories ranging 
from 3.6 to 3.9%(5); gelatin 9.0%, avg of values 
from 6 laboratories ranging from 8.0 to 9.8%; and 
silk fibroin 0.86%, avg of values from 5 labora- 
tories ranging from 0.80 to 0.90%(6). 

+ Trials 1 through 4 were made simultaneously, 
employing the same sample and standard solutions, 
media and inocula. A separate standard curve in- 
eluded in each triai. Trials 5 through 8 were like- 
wise made simultaneously (but not together with 
trials 1 through 4). 


ically against the standard L-arginine dosages 
per tube. The amounts of L-arginine per 
tube corresponding to each of the 5 sample 
dosages in each case were estimated by inter- 
polating the standard curve. The resulting 
arginine values were converted to g per 100 
g of protein, and the values corresponding to 
the 5 dosage levels were averaged. If one 
of the 5 values differed from the value nearest 
it by an amount greater than the entire range 
of the remaining 4 values it was excluded in 
calculating the average. 

The reliability of the compound microbio- 
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logical assays was determined by comparing 
the results by this method with those obtained 
for the same samples by the standard micro- 
biological assay method described previously 
(2). The results are given in Table I and 
Fig. 1 and 2. 

Discussion. The experiments leading to 
the compound microbiological assay method 
presented above have been too numerous to 
describe in the limited available space. They 
have indicated, however, that apparently 
minor deviations from the described procedure 
may lead to entirely unsatisfactory results. 
Excessively high blanks and erratic results 
were avoided by autoclaving the bulk of the 
glucose separately from the other constituents 
of the basal media, employing not more than 
the indicated quantities of amino acid mixture 
or of inoculum in the primary medium, util- 
izing a secondary incubation period of not 
more than 40 hours, adjusting the acidity of 
the secondary medium to pH 5.7 optimum for 
the response of L. casei 280-16 to D-lactic 
acid, and guarding against contamination of 
reagents and glassware with traces of arginine. 
It became evident that more rigid control of 
conditions, more care in manipulations and 
greater precautions to prevent accidental con- 
tamination were required for successful assays 
by the compound (2-stage) than the standard 
(one-stage) method. 

The component responses made use of in 
the compound microbiological assay of ar- 
ginine are shown in Fig. 1 (Curve B) and 2. 
Curve B (Fig. 1) depicts the response of 
L. casei « to arginine under standard assay 
conditions. Under somewhat modified condi- 
tions this response constituted the first of the 
2 consecutive responses obtained in the com- 
pound assay. The dosages of arginine ranging 
up to 1.7 x 107 moles in Curve B may be seen 
to have effected the production of up to 3.1 x 
10+* moles of lactic acid per tube, and hence 
it is evident that an average magnification of 
about 1800 (3.1 x 10*/1.7 x 10-7) times was 
attained over this response range. If it is 
assumed that the characteristics of this re- 
sponse were retained under the modified con- 
ditions employed in the compound assay, the 
average magnification achieved in the primary 
assay may be calculated to have been about 
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FIG. 1. Arginine standard curves obtained by the compound (Curve A) and standard 
(Curve B) microbiological assay methods. The values on the vertical seale are the moles & 10¢ 
of acid (caleulated as lactic acid) produced per tube. The values on the horizontal seale are 
(Curve A) the moles x 10° and (Curve B) the moles < 108 of L-arginine per tube. 

FIG. 2. Response of L. casei 280-16 to calcium D-lactate under conditions comparable to 
those employed in the compound microbiological assay of arginine. The values on the vertical 
scale are the moles X 10* of L-lactic acid produced per tube. The values on the horizontal seale 
are the moles X 10° (calewlated as D-lactic acid) of calcium D-lactate per tube. 

FIG. 3. L-leucine standard curve obtained by a compound microbiological method employing 
L. arabinosus 17-5 as the primary assay organism. The values on the vertical scale are the 
moles X 10* of L-lactie acid produced per tube. The values on the horizontal scale are the 
moles X 10% of L-leucine per tube. The data were taken from a paper presented by one of the 
present authors (M.N.C.) at the December 11th meeting of the Southern Oalifornia Section, 
Soe. for Exp. Biol. and Med., Los Angeles, 1952. 


54 (3% of 1800) times, since only D-lactic 
acid is effective in promoting the secondary 
response, and since this isomer constitutes 
only 3% of the lactic acid produced by 
L. casei «(1). The response of L. casei 280-16 
to D-lactic acid under the conditions em- 
ployed in the compound assay is depicted in 
Fig. 2 (Curve C). Dosages of D-lactic acid 
up to about 7.4 x 10° moles may be seen 
(Curve C) to have effected the production of 
up to 3.1 x 10% moles of L-lactic acid per 
tube. The average magnification over this 
range in the secondary assay may therefore 
be calculated to have been about 4200 (3.1 x 
1077.4 x 10°) times. 

A typical arginine standard curve obtained 
by the described compound microbiological 
assay procedure is shown in Fig. 1 (Curve A). 
Dosages of arginine up to only about 1.2 x 
10° moles were sufficient, under these con- 
ditions, to elicit the final production of up to 
3.1 x 10°* moles of L-lactic acid per tube, and 
hence the average resultant magnification over 


this range was about 260,000 (3.1 x 10*/ 
1.2 x 10°°) times. This value is in good agree- 
ment with the product (230,000) of the mag- 
nifications (54 and 4200) calculated for the 
2 component assay stages. Owing to the high 
magnification of the compound assay, very 
small samples were sufficient for the deter- 
mination of arginine by this procedure. The 
total amounts of sample (sufficient for tripli- 
cate determinations at each of 5 dosage levels) 
employed for each compound assay of ar- 
ginine were as follows: casein 45 yg, silk 
fibroin 142 »g, and gelatin 18 wg. One hun- 
dred times these amounts were needed for the 
standard microbiological assays of this amino 
acid. The percentages of arginine found in 
casein, gelatin and silk fibroin in 8 consecu- 
tive trials by the standard and compound 
microbiological assay methods are: listed in 
Table I. The probable errors calculated for 
the individual values were approximately 2 
times greater for silk fibroin than for casein 
by either method, whereas those for gelatin 
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were between these 2 extremes. In spite of 
these relatively large differences a nearly 
constant ratio (about 5:1) was observed be- 
tween the probable errors calculated for the 
values obtained by the compound method and 
those calculated for the values found by the 
standard method. The somewhat lesser pre- 
cision of the compound method was also indi- 
cated by the poorer alignment of points on 
the standard curve (Curve A, Fig. 1) and by 
the poorer agreement between the values ob- 
tained by this method at different sample dos- 
ages (the mean deviations of the values ob- 
tained at 4 or 5 different sample dosage levels 
from their means averaged 7.4% with the 
compound method as compared with only 
1.1% with the standard method for all the 
values listed in Table I). 

The difference (4.9%) between the average 
values (3.67% and 3.49%, Table 1) found 
for arginine in casein by the 2 assay methods 
was approximately 3.7 times greater than the 
sum of their probable errors (0.23% and 
1.1%). Since the odds against a chance 
discrepancy of this magnitude between aver- 
age values with these probable errors may be 
calculated to be about 78 to 1, the data ap- 
pear to indicate a small systematic difference 
in the relative responses to arginine in casein 
hydrolysate obtained by the standard and 
compound microbiological assay methods. On 
the other hand, the difference (3.0% ) between 
the average values (8.78% and 9.04%, Table 
I) found for arginine in gelatin by the 2 
methods appears to be a chance discrepancy, 
and the values (1.02% and 1.02%, Table I) 
found for arginine in silk fibroin by the 2 
methods were the same. It is evident that the 
described compound method would vield er- 
roneously high arginine values for samples 
containing large amounts of D-lactic acid (the 
apparent activity of this substance due to its 
effect in the secondary assay may be calcu- 
lated to be about 3% of that of arginine), but 
an error of this sort was not apparent in the 
above results. D-lactic acid may be removed 
from acidified sample solutions by extraction 
with ether, but it seems likely that this step 
would be required only in special cases. 

It should be emphasized that applications 
of the compound microbiological assay prin- 
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ciple do not appear to be limited to the de- 
termination of arginine, nor does the sensitiv- 
ity attainable by the application of this prin- 
ciple appear to be limited to that attained by 
the method described in the present report. 
On the contrary, it seems likely that the 
present procedure could be adapted success- 
fully to the ultra-microdetermination of any 
one of the amino acids essential for growth 
and acid production of L. casei « merely by 
adding arginine to the amino acid mixture of 
the primary medium and omitting, instead, 
the amino acid to be determined. That 
primary assay organisms which produce 
higher percentages of D-lactic acid may lead 
to assays of greater sensitivity than those 
employing L. casei « for this purpose was in- 
dicated by the results of preliminary experi- 
ments as well as by the theoretical considera- 
tions already mentioned. The results of one 
of these experiments concerning the response 
to L-leucine obtained by a compound micro- 
biological method employing Lactobacillus 
arabinosus 17-5 as the primary assay organism 
is given in Fig. 3. The average magnifica- 
tion achieved over the linear portion of 
this response curve may be calculated to be 
1,250,000 times, a value nearly 5 times that 
attained by the present arginine method and 
more than 1000 times that realized with the 
standard L. arabinosus assay of L-leucine. 
Summary. It has been shown that the sen- 
sitivity of a microbiological assay method 
may be compounded by employing a second- 
ary microbiological assay to determine the 
D-lactic acid component of the products 
obtained from the response of the original 
assay. Sensitivities of up to several thousand 
times those realized by the standard micro- 
biological procedures have been shown to be 
possible theoretically in compound assays. 
The method described for the compound assay 
of arginine, designed purposely to be of rela- 
tively low sensitivity, was approximately 144 
times as sensitive as the standard microbio- 
logical method for this amino acid. The 
average percentages of arginine found in 
casein (3.49%), gelatin (9.04%), and silk 
fibroin (1.02%), respectively, by the com- 
pound assay were found to be approximately 
the same as those (3.67%, 8.78%, and 1.02%, 
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respectively) by the standard method. al- 
though the probable errors ranged from 3.2% 
to 6.1% for the individual assays by the for- 
mer method compared to 0.7% to 1.2% for 
those made by the latter method. The sample 
weights required per assay (each including 
triplicate determinations at each of 4 or 5 
sample levels) were: casein 45 yg, gelatin 18 
wg, and silk fibroin 142 pg. One hundred 
times these amounts were required for each 
assay by the standard microbiological method. 
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Recovery of New Agent trom Patients with Acute Respiratory Illness. 
(20825) 


M. R. HILLeMAN AND JACQUELINE H. WERNER.* 


From the Department of Virus and Rickettsial Diseases, Army Medical Service Graduate School, 
Washington, D. C. 


An epidemic of acute respiratory illness 
occurred among the service personnel at Fort 
Leonard Wood, Missouri during the winter 
of 1952-1953(1). Influenza A’ virus was of 
etiologic importance in a majority of the cases 
during the mid-portion of the epidemic but 
not among the cases at the beginning or end 
of the outbreak. Approximately 20% of the 
non-influenzal patients presented clinical and 
X ray findings which were consistent with 
the diagnosis of primary atypical pneumonia 
(PAP) and many had acute respiratory dis- 
ease (ARD)(2-5). However, in individual 
instances, it was difficult if not impossible to 
establish the etiology until the results of 
laboratory tests became available. 

The present report is concerned with the 
isolation of a microbial agent, presumably 
viral in nature, which appears to have been 
of etiologic importance in the disease suffered 
by certain of the non-influenzal cases in the 
epidemic. 

Materials and methods. Tissue culture. 
Tube and bottle cultures of HeLa cellst (hu- 


* The technical assistance of Vincent V. Hamparian, 
Set., U. S. A. is gratefully acknowledged. 


man epidermoid carcinoma) were prepared by 
the general method of Scherer, Syverton, and 
Gey(6) except that tryptic digestion was not 
employed. The bottle (32 oz prescription size) 
and tube (16 x 150 mm) cultures were fed 
with nutrient fluid consisting of pooled human 
serum, 25 parts; chick embryo extract, 7 parts 
(2 parts 50% chick embryo extract and 5 
parts 50% chick embryo extract ultrafiltrate) ; 
Hanks balanced salt solution, 68 parts, plus 
sufficient penicillin and streptomycin to give 
a final concentration of 50 units of each per 
ml. In order to remove the human serum 
contained in the nutrient fluid, the contents 
of the bottles and tubes were washed 3 times, 
immediately before use, with 20 or 1.0 ml, 
respectively, of 5% chicken serum in Hanks- 
Simms solution containing antibiotics. Finally, 
30 ml (bottles) or 0.6 ml (tubes) of main- 
tenance solution (10 parts pooled chicken 
serum; 5 parts 50% chick embryo extract 
ultrafiltrate; 85 parts Hanks balanced salt 
solution and antibiotics) were added to the 


+ Bottle and tube cultures of HeLa cells and the 
nutrient and maintenance solutions were obtained 
from Microbiological Associates, Inc., Bethesda, Md. 
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washed cultures. At time of use, the bottle 
cultures contained about 6-10 million cells 
and were 3-5 days old; the tube cultures con- 
tained about 60-80 thousand cells and were 
1-3 days old. The bottles and tubes were 
kept tightly stoppered prior to and following 
inoculation with the material under study and 
were incubated at 36°C in a stationary posi- 
tion. 

Isolation of strains of respiratory illness 
(RI) agents. Throat washings (collected in 
veal infusion broth and stored frozen at 
—~70°C) from a patient with PAP (case 67) 
in the epidemic were centrifuged briefly to 
remove gross particles and then inoculated 
into roller tube cultures of adult human tra- 
cheal epithelium prepared by the general meth- 
od of Enders(7). A cytopathogenic agent 
(RI-67) was recovered in first passage in 
such tissue and this organism was readily 
propagated in HeLa cells following 3 addi- 
tional passages in tracheal cultures. All fur- 
ther isolations were attempted by direct in- 
oculation into the HeLa culture medium. 

For subsequent isolation attempts, the 
throat washings from 29 patients in the epi- 
demic collected within the first 2 days of 
illness were inoculated in 0.1 ml amount into 
the HeLa cell culture tubes. If no cytopatho- 
genic effect was observed within 3 days, the 
tissues and fluid were ground in a mortar and 
passed to new tubes. Cultures failing to show 
typical degeneration in 2 or 3 passages were 
considered negative and were discarded. Un- 
inoculated control tubes were always included 
for comparison. Four cytopathogenic agents 
(in addition to the agent from patient 67 
which was re-isolated directly in HeLa cul- 
ture) were recovered from 2 patients with 
PAP and from 2 others with ARD. These 
agents appeared essentially identical biologi- 
cally except for a minor antigenic heterogen- 
eity detectable in neutralization tests with 
sera from patients convalescent from the dis- 
ease: In this report, only the results of studies 
with the RI-67 agent are presented. 

Serum neutralization test. 1. Seed virus. 
Flask cultures inoculated with 5.0 ml of pas- 
sage virus titering 10°' or 10 usually showed 
complete degeneration after 48 hours incuba- 
tion. The cells and fluid were harvested at 
this time, homogenized in a Waring Blendor 
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and the centrifuged supernate (2000 rpm for 
10 minutes) which represented the seed virus 
was preserved at —70°C in glass-sealed am- 
poules. This material, titrated in HeLa cell 
cultures, caused significant degeneration with- 
in 2 days when diluted 107+ or 107 (0.1 ml 
inoculum dose). 2. Neutralization procedure. 
To serial 4-fold dilutions of patient’s serum 
(inactivated at 56°C for 30 minutes) in 0.15 
ml volume were added 0.3 ml amounts of seed 
virus diluted to contain about 10 cytopatho- 
genic doses (strong or complete degeneration ). 
Following incubation at 36°C for 30 minutes, 
pairs of tubes were inoculated with 0.15 ml 
amounts of each mixture. The cultures were 
observed for 2 or 3 days (until complete de- 
generation was noted in tubes in which anti- 
body was absent) and the neutralization titer 
of the serum was considered to be the highest 
initial dilution of the serum which completely 
inhibited cell degeneration. Uninoculated con- 
trol tubes and virus titrations were always 
included in the tests. Acute and convalescent 
sera from the same patient were tested simul- 
taneously. 

Complement-fixation (CF) test. The seed 
virus preparations described above were sat- 
isfactory complement-fixing antigens; uninoc- 
ulated cultures, treated in the same manner, 
provided control antigen. The CF procedure 
was essentially the same as routinely em- 
ployed in this laboratory for Q fever(8). The 
patient’s serum was inactivated at 56°C for 
30 minutes and 0.25 ml amounts of serial 
2-fold dilutions of the serum, covering the 
range from 1:5-1:160, were allowed to react 
with 2 exact units of guinea pig complement 
in 0.5 ml volume and 2 units of viral antigen 
in 0.25 ml amount or 0.25 ml of normal con- 
trol antigen in the same dilution. After incu- 
bation at 37°C for 1 hour, 0.5 ml of the 
hemolytic system, which consisted of a mix- 
ture of 0.25 ml of 3% sheep cell suspension 
and 0.25 ml of physiological saline solution 
containing 3 units of sheep cell amboceptor, 
were added and the tests were read after final 
incubation at 37°C for 30 minutes. The titer 
of the serum was considered to be the highest 
initial dilution of serum causing 3+ or greater 
fixation of complement. 

Miscellaneous tests. The methods for in- 
fluenza virus isolation and for the diagnostic 
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FIG. 1. Cytopathogenic effect of RI-67 agent for HeLa cells 2 days after inoculation, wet 
preparation, X70. 


hemagglutination-inhibition test with cholera 
filtrate treated sera have already been de- 
scribed(9). Tests for Q fever were performed 
as described by Robbins ez al.(8) and the CF 
test for psittacosis-lymphogranuloma vene- 
reum group infection using phenol-enhanced 
antigen(10) was conducted by a modification 
of the same general method. Cold agglutina- 
tion tests were performed by the standardized 
procedure used in this laboratory(11) and the 
Streptococcus MG agglutination technic of 
Thomas ef al.(12) was employed. 

Results. Properties of the RI-67 agent. 
Cytopathology. Inoculation of the RI-67 
agent, obtained from throat washings of pa- 
tient 67, into HeLa culture tubes usually 
produced visible degenerative changes in cells 
in 24 hours and complete destruction in 48 
hours. Fig. 1 shows the appearance of un- 
inoculated culture cells and of culture cells 
showing moderate and complete degeneration 
viewed in the wet preparation. In the course 
of degeneration the cells lose their processes, 
become globoid and aggregate loosely. This 
is followed by accumulation of compact 
masses of darkly granular cells of decreased 
size and spherical shape. The cell surfaces 
may be irregular and covered with small 
globoid or vermiform extrusions. 

Infected cells grown on coverslips, when 
fixed briefly with Zenker’s-acetic solution and 
stained by the haematoxylin-eosin or Giemsa 
method, revealed rounding and clumping and 


formation of extrusions from the cell surface 
similar to that observed in wet preparations 
of the same material. In addition, intense 
basophilia of the nucleus and cytoplasm was 
observed and nuclear degeneration character- 
ized by margination of chromatin, increased 
granularity, pyknosis or reticulum formation 
with apparent vacuolation was present. Oc- 
casionally, uninoculated cells which presented 
a darkened cytoplasm and appeared to be 
spontaneously degenerated, showed extrusions 
from the cell surface similar to those observed. 
in the infected cells. No cytoplasmic or intra- 
nuclear inclusions similar to those seen in cer- 
tain viral infections were observed in cells 
infected with RI-67 agent. 

Attempt to cultivate RI-67 agent in animals 
and eggs. RI-67 tissue culture seed titering 
10° was inoculated into 1-day-old baby mice 
and 5-day-old baby hamsters by the intra- 
nasal, intraperitoneal and intracerebral routes. 
In addition, 12-14 g mice were injected intra- 
peritoneally and intracerebrally, and young 
adult guinea pigs were inoculated intraperi- 
toneally. None of the animals inoculated in- 
traperitoneally or intracerebrally developed 
signs of overt illness within 21 days following 
inoculation and the baby mice and hamsters 
inoculated intranasally did not show lesions 
in their thoracic or abdominal viscera when 
sacrificed on the fifth or eleventh day follow- 
ing inoculation. Passage of the agent to 8-10 


g mice by the intranasal route produced no 
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TABLE I. Result of Neutralization and Complement-Fixation Tests with RI-67 Agent and 
Sera from Individual PAP, ARD and Influenza Cases, Fort Leonard Wood Epidemie. 
ee ee 


Neutralization test result ————_, 


—— Serum 


= , zat 
Clinical Day ? Serum dilution —————, ; C.F. 

Patient diagnosis Date dis. 1:2) Se Ae sO 8 aod iter titer 
467 PAP sass on dae eee 214e Se 
(RI-67) W/17/53 14 1:5 
2/ 2/53 30 0 0 0 2+ 4+ 1a 1:40 

#37 PAP iy Ra) 3 4+ 44+ 4+ 4+ 4+ ha <<Gilliste 
VAis/5e 18 0 0 pe ee eo i 1:8 1:40 

2/ 2/58 33 0 0 0 0 3+ 1:128 1:80 

#34 ARD I 3/58 2 4+ 4+ 4+ <egletiey <li) 
1/13/58 12 1:40 

2/ 4/538 34 0 0 0 0 3+ 1:128 1:80 

#13 Influenza 12/18/52 1 0 2+ 44- ge) <olliz5 
A’ 1/ 9/53 22 ) 2+ 4+ sie cel 53 


* Numbers indicate degree of tissue degeneration. 4+, complete; 3+, strong; 2+, moder- 
ate; 1+, slight degeneration. The table shows the result obtained in a single tube of the pair; 
the duplicate tubes in the series showed essentially identical findings. Control tests with serum 


alone did not show degeneration. 


+ None of the sera was anticomplementary and none reacted with normal control antigen. 


changes which could not also be found in un- 
inoculated mice from the same colony. 


Six-day embryonated eggs inoculated via 
the yolk sac and 11-day eggs injected into 
the allantoic or amniotic cavity with the RI- 
67 agent showed no evidence of pathological 
effects following incubation at 35°C for 3 
days. The allantoic and amniotic fluids as 
well as 20% suspensions of yolk sac and 
chick embryo harvested from these eggs failed 
to cause specific degeneration on inoculation 
into HeLa cultures. Furthermore, none of 
the allantoic or amniotic fluids agglutinated 
chicken or human “O” red blood cells when 
incubated together at 20° or 4°C. 

Attempt to cultivate RI-67 agent on arti- 
ficial media. HeLa culture preparation of RI- 
67 agent which titered 10° in HeLa tubes 
was inoculated on blood agar, 20% ascitic 
fluid agar, 10% rabbit serum-veal broth and 
Brewer’s thioglycolate medium and incubated 
aerobically and anaerobically at 36°C. None 
of the cultures showed growth in 9 days and 
the ascitic agar failed to show pleuropneu- 
monia organisms when examined? by the agar 
stain method of Dienes(13). 

Serological reactions with RI-67 agent and 
specimens from Fort Leonard Wood cases. 
The results of neutralization and complement- 


t+ We are indebted to Dr. R. G. Wittler for these 
examinations. 


fixation tests performed with sera from rep- 
resentative patients in the epidemic is shown 
in Table I. It is seen that the neutralizing 
antibody titer for the RI-67 agent rose from 
<1:2 to as high as 1:128 in the 3 illustrative 
cases of PAP and ARD while sera from the 
influenza patient failed to show such increase. 
The complement-fixation titers similarly rose 
from <1:5 to 1:40 or 1:80 in the patients 
with PAP and ARD but not with influenza. 

In the group of cases listed in Tables I and 
II, the maximum neutralizing antibody levels 
against the RI-67 agent were usually attained 
after the 21st-30th day of the disease while 
maximum levels of CF antibody were gen- 
erally reached by the end of the second week 
(case No. 67 from which the agent was iso- 
lated was the only exception found to date). 

Table II summarizes the results of neutrali- 
zation and complement-fixation tests per- 
formed with the sera from a representative 
group of patients in the epidemic and the 
RI-67 agent. It is seen that 12 of 14 persons 
with PAP or ARD showed positive findings 
in neutralization tests for RI-67 agent and 
13/14 were positive by CF; none of the in- 
fluenza cases was positive. 

The cases which showed positive results 
with RI-67 agent gave negative findings in 
tests for influenza A, B and C, and for cold 
and Streptococcus MG agglutinins. Likewise, 
none of the sera tested showed CF antibodies 
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TABLE II. Serological Findings in Representative Group of Cases from the Fort Leonard 
Wood Epidemic. 
e—s—eoavomroooNeoaows@S<~=~XwOwO0Omnaum9wum90SOoOS oz: Eee 


Reg No. cases showing positive* findings 
Total No. ——RI-67 agent-—_, —————— Influenza HI ———_, 


ven 
Cold  Strept. 


Diagnosis of cases Neut. CF. A’ FW-1-50 ~B-Lee C-1233 agglut. MG 
PAP 7 6(32X)+ 7(16X)t 0 0 04 Of 
ARD 7 6(16X) 6( 8X) 0 0 0 0 
Influenza 5 0( 0X) OC 0X) 0 0 0 0 


* A positive result was a 4-fold or greater increase in antibody titer. 
+t Numbers in parentheses are the fold-increase (geometric mean) in serum titer of the 


paired specimens in the group. 


¢ None of the Streptococcus MG agglutination titers of individual specimens exceeded 1:8. 


The cold agglutination titers were all <1:4. 


for Q fever or psittacosis-lymphogranuloma 
venereum group antigen.’ 

Serologic reaction of RI-67 agent with sera 
from other human diseases and from hyperim- 
munized animals. Neutralization tests per- 
formed with RI-67 agent and paired sera from 
proved cases (showing a 4-fold or greater in- 
crease in antibody titer to the responsible 
agent) of human influenza A’ (1 case in addi- 
tion to those shown in Table II) influenza B 
(1 case), psittacosis (2 cases), pigeon ornitho- 
sis (1 case), Q fever (2 cases) all failed to 
show a rise in antibody titer for RI-67. Sim- 
ilar negative results were also obtained with 
the paired sera| from 3 patients with common 
cold and from 4 cases of primary atypical 
pneumonia (Cleveland, Ohio 1948 and 1953) 
which showed significant increase in cold or 
Streptococcus MG agglutinin. Appropriate 
specimens from serologically proved cases of 
LCM aseptic meningitis (1 case), mumps 
meningitis (2 cases), herpes meningitis (2 
cases) and from clinical cases of infectious 
mononucleosis and varicella (1 each) also 
failed to show increase in neutralizing anti- 
body for RI-67 agent in the convalescent 
specimen. 

Despite this failure to obtain an antibody 
rise in these paired specimens, almost half 
(10/22) were found to have a detectable 
level of RI-67 neutralizing antibody which 
was present at a constant level (1:2-1:32) in 
both sera. 

Further evidence for lack of relationship of 
RI-67 to a number of viral and rickettsial 


§ These tests were performed by A. Bankhead and 
O. W. Dandridge. 

|| We are indebted to Dr. W. S. Jordan, Jr. for 
these specimens. 


agents was obtained in tests with hyperim- 
mune animal sera. Sera against influenza A’ 
(Strain A-FLW-1-52, chicken), influenza B 
(Motulsky-1952, chicken), influenza C (1233, 
chicken), ornithosis (MP-F97, chicken), Q 
fever (Nine Mile, guinea pig), LCM (rabbit), 
herpes (Laski, rabbit) and Newcastle Disease 
virus! (chicken) failed to neutralize RI-67 
in a serum dilution of 1:2 or greater. 


Discussion. It appears that the RI-67 virus 
recovered from a.case of primary atypical 
pneumonia in the epidemic at Fort Leonard 
Wood is unrelated to the agents which cause 
Q fever, psittacosis and influenza. The pos- 
sible relationship of RI-67 to any of the var- 
ious infectious agents recovered during the 
past decade from animals, eggs, or tissue cul- 
tures inoculated with materials from cases of 
the common cold(5,14,15) or primary atypical 
pneumonia(5,14) remains to be determined. 

The consistent occurrence of increase in 
antibody titer against RI-67 in convalescent 
sera from patients with PAP and ARD in the 
epidemic suggests that the new agent may be 
of etiological significance at least in certain 
outbreaks of these diseases. 


Summary.’ A microbial agent, presumably 
a virus, was recovered from throat washings 
from a patient with primary atypical pneu- 
monia in an epidemic of acute respiratory 
illness which occurred at Fort Leonard Wood 
during the winter of 1952-1953. This agent 
multiplies in human cell tissue cultures pro- 
ducing obvious cytopathogenic changes but 
not in common laboratory hosts. The patient 
whose throat washings yielded the virus de- 


{| This was kindly furnished by the Bureau of 
Animal Industry, U. S. Dept. of Agriculture. 
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veloped specific neutralizing and complement- 
fixing antibodies for the agent. Other patients 
in the epidemic with primary atypical pneu- 
monia (PAP) or undifferentiated acute res- 
piratory disease (ARD) also developed anti- 
bodies for the agent but those cases with 
proved influenza A’ did not. A portion of the 
population maintains an antibody level against 
the new agent suggesting a rather general 
experience with it. 


Confirmatory experiments. Certain of the 
basic observations presented in this report 
have been repeated by one of the authors 
(M.R.H.) in the laboratory of Dr. John H. 
Dingle at Western Reserve University. The 
RI-67 agent was taken to Dr. Dingle’s lab- 
oratory and the cytopathogenic effect for 
HeLa cells was demonstrated in cultures pre- 
pared at Western Reserve University as well 
as in cultures taken from this laboratory. 
Neutralization tests with known positive and 
negative paired sera were also carried out 
using the cultures and reagents from the 2 
sources and essentially identical results were 
obtained. 

Addendum. Since the present manuscript 
was submitted for publication, Rowe et al. 
(Proc. Soc. Exp. Biot. AND MED., 1953, v84, 
570) reported the recovery of an agent cyto- 
pathogenic for HeLa cells from cultures of 
human adenoid tissue. Tests performed in 
our laboratory and that of Dr. Huebner gave 
presumptive evidence of an immunological 
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adenoid degenerative agent. 
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The value of mannitol, an isomer of sorbitol, 
as an adjunct to the diabetic diet has recently 
been reviewed by Olmsted(1). It was con- 
cluded that mannitol could not be of much 
importance as an adjunct to the diabetic diet, 


* This investigation was supported in part by a 
research grant from the Division of Research Grants 
and Fellowships of the National Institutes of Health, 
U. S. Public Health Service. 


since 80% or more of the mannitol adminis- 
tered is excreted in the urine. These con- 
clusions were apparently based on the data 
obtained by IV administration(2-6). Man- 
nitol has also been known to form significant 
amounts of liver glycogen after oral adminis- 
tration(2,7), and under these conditions it is 
unlikely that mannitol can be excreted in the 
amounts indicated above. However, no posi- 
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TABLE I. Recovery of C“ after Administration of R.A. Mannitol. 
Experiment No. 
Hours of 1 2 4 5 6 7 
OO; col- oe" Spleen 
lection -—LP. inj—, ———_ Oral feeding ————_,__ injected 
% administered 3 4 Boh 2 5 8 5 
radioactivity 6 8 m3) 21 4 5 4 70 
recovered in ex- 9 tsi iat 35 11 13 12 71 
pired GO, (ae- 12 1.3 2.1 38 29 25 23 il 
cumulative ) 18 1.6 2.4 46 42 54 47 71 
24 2.1 3.2 48 46 63 58 71 
Urine 97 77 13 11 8 8 5 
Stool 12 12 1 
Total recovery 99 80 61 57 83 78 78 
mg mannitol admin, 12 180 2 240 240 240 2 
Animal wt, g 183 160 183 155 190 190 190 
tive conclusions regarding the metabolic Table I show that mannitol, when given 


utilization of a substance can be obtained 
from liver glycogen data; for this, labeled 
material must be used. The differences in 
regard to the utilization of the sugar alcohol 
may be due to the technics employed in the 
administration. In order to clarify the over- 
all metabolic fate of mannitol, we have studied 
its rate of oxidation and excretion after oral 
and IP administration. Mannitol uniformly 
labeled with C'* was employed. 

Methods. Preparation of radioactive man- 
nitol. Mannitol C't was prepared by the 
catalytic reduction of C' uniformly labeled 
glucose with Raney nickel in alkaline solution. 
The procedure is similar to that used for the 
preparation of sorbitol(8). The mannitol was 
purified by a series of crystallizations from 
water and finally from aqueous ethyl alcohol. 
The product was identified as mannitol by 
1S VE. P. 2 (1622-163°C) cand mixed =M:P. 
(163°-164°C) with an authentic mannitol 
sample (164°C). In addition, the specific 
activity of a mixture of labeled mannitol and 
carrier mannitol did not change on repeated 
crystallization. Animal treatment. Non- 
fasted male albino rats were used. The man- 
nitol was given intraperitoneally, orally, and 
in one experiment directly into the portal 
system by way of the spleen. For the latter 
experiment the spleen was exteriorized the day 
before the experiment. The methods used for 
collecting the expired CO. and for measure- 
ment of radioactivity are the same as that 
used for sorbitol(8). 


Results and discussion. The data given in 


parenterally, is excreted to a large extent in 
the urine, which is in agreement with numer- 
ous previous reports. The high urinary excre- 
tion after parenteral injection is balanced by 
a low rate of oxidation of about 2-3%. On 
the other hand, oral feeding of the sugar 
alcohol leads to oxidation values of about 
50% of the injected radioactivity. These 
divergent results regarding mannitol utiliza- 
tion, obtained by the two methods of adminis- 
tration, indicate either that the mannitol is 
oxidized, initially at least, only by the liver 
or that mannitol is acted on by the intestinal 
flora before absorption from the intestinal 
lumen. In the latter case the metabolic 
utilization of fed mannitol is due to the 
absorption of conversion products of bacterial 
action. In order to differentiate between these 
two possibilities, mannitol was injected direct- 
ly into the portal system by way of the spleen. 
In this experiment (Exp. 7), 71% of the 
mannitol was oxidized, indicating that the 
liver is the most likely site of mannitol oxida- 
tion and that bacterial action in the intestinal 
tract does not play a measurable role in the 
oxidation. One must assume from these re- 
sults that mannitol cannot be oxidized by 
tissues other than the liver and also that the 
kidneys have a low renal threshold for the 
sugar alcohol. In parenteral injection a large 
fraction of the material is subjected largely 
to the excretory action of the kidneys before 
it is made available to the liver, and it is 
rapidly excreted, due to the low renal thresh- 
old, before it can be oxidized. In oral feed- 
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ing practically all of the material must pass 
first through the liver before it is put into the 
general circulation; hence the oxidation values 
of 48-63% are obtained. It is of interest to 
note that Dominguez, Corcoran and Page(4) 
in evaluating the use of mannitol in renal 
function concluded from their studies that the 
utilization of mannitol in humans, although 
small after IV injection, is presumably meta- 
bolic. 

Although metabolites are routinely given 
parenterally in many experimental studies in 
order to by-pass the intestine, it is obvious 
from the results reported here that data ob- 
tained from parenteral injection should be 
examined with comparable data obtained after 
oral administration for a true evaluation of 
the metabolic pathway. 

Summary. Radioactive mannitol has been 
administered to rats with the following re- 
sults: 1. When given orally, about 50% of 
the mannitol carbon is recovered in the ex- 
pired COz in 12 hours. 2. With intraperitoneal 
injection, the mannitol is largely recovered in 
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urine with only 2-3% of the mannitol carbon 
recovered in the expired CO». 3. By injection 
directly into-the portal system by way of the 
spleen, oxidation comparable to or greater 
than that obtained by oral administration is 
obtained. It is concluded from these results 
that mannitol can be oxidized by the body 
if it is administered by a route that makes it 
first available to the liver, as in oral feedings. 
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(Introduced by H. B. Pierce.) 


From the Department of Biochemistry, College of Medicine, University of Vermont, Burlington. 


Oxalic acid has long been known to be a 
product of the in vitro oxidation of ascorbic 
acid(1-5). Jn vivo, Scheinkman(6) showed 
that ascorbic acid ingestion by guinea pigs 
resulted in increased urinary oxalate. Burns 
et al.(7) found that one of the end products 
of the metabolism of radioactive 1-C!4-L- 
ascorbic acid administered to guinea pigs was 
urinary oxalate. Since large doses of ascorbic 
acid are being prescribed by physicians(8,9), 
an investigation of the effect of ascorbic acid 
on the urinary oxalate excretion of man is 
warranted. This study is concerned with that 
investigation. 


Procedure. In the first experiment, 11 


* Supported in part by a grant from Hoffmann- 
LaRoche Inc., Nutley, N. J. 


healthy adult males on their regular diet col- 
lected 24 hour control urine samples. Each 
subject then ingested, in addition to his regu- 
lar diet, 3 g of pure ascorbic acid at each 
mealtime (9 g/day) for 2 days, collected a 
24 hour urine sample on the second day and 
another 24 hour control urine sample one 
week later. The results indicated that there 
was increased oxalate excretion with the daily 
ingestion of 9 g of extra-dietary ascorbic acid. 
A second experiment was conducted to de- 
termine at what minimum dosage of supple- 
mentary ingested ascorbic acid an increase in 
urinary oxalate occurred. Forty adult males 
were placed into groups ingesting different 
amounts of ascorbic acid ranging from 0.25 
g to 8 g (divided into 3 doses as in the first 
experiment) daily for one week at the end of 
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which each member collected a 24 hour urine 
sample. All subjects collected 24 hour control 
urine samples prior to receiving extra-dietary 
ascorbic acid and at the end of the first and 
second weeks following cessation of the in- 
gestion of extra-dietary ascorbic acid. The 
groups taking 0.25, 0.50, and 2 g of ascorbic 
acid daily each consisted of 7 subjects. The 
groups ingesting 4 and 8 g of ascorbic acid 
each consisted of 6 subjects. The method for 
determining urinary oxalate was essentially 
that of Powers and Levatin(10). Care was 
taken to prevent the im vitro conversion of 
urinary ascorbic acid to oxalic acid. Urine 
was voided into a large bottle containing 225 
ml of stabilizing solution (20% metaphos- 
phoric acid and 3.3% thiourea). In order to 
test the procedure, 9 g of ascorbic acid were 
added to a composite urine sample containing 
the stabilizing solution. This preparation was 
then allowed to stand 24 hours at room temp- 
erature during which time the oxalate content 
increased only 1.2 mg (as oxalic acid) which 
amount was within the experimental error of 
the method. All urine samples were analyzed 
individually. The values for the oxalate con- 
tent of the control urines for each subject 
were averaged. This average was subtracted 
from the value for the urinary oxalate excre- 
tion of the subject following ascorbic acid 
ingestion to determine the change, whether 
positive, negative, or zero. 

Results. The mean oxalic acid excretion of 
51 males without extra-dietary ascorbic acid 
was 38.3 + 1.7 mg (standard error). This 
value was based on 142 determinations. The 
range of urinary oxalate output among the 
controls was 16 to 64 mg oxalic acid. Values 
reported in the literature for the normal 24 
hour urinary oxalate excretion of man range 
from 14.0 to 56.0 mg with averages of 30 to 
35 mg oxalic acid(2,11). 

The remarkable constancy of the oxalic 
acid excretion for an individual on his regular 
diet without supplementary ascorbic acid is 
indicated by the average of the maximum var- 
jation among controls for each individual 
which was only 5.2 mg oxalic acid. The 
greatest variation among controls for an indi- 
vidual was 19 mg. 

The effect of ingested ascorbic acid on 
urinary oxalate excretion is shown in Fig. 1 
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FIG. 1. Effect of amount of ascorbic acid ingested 


daily on increase in urinary oxalate (as oxali¢ 
acid). Circles on curve represent avg increase in 
excretion of urinary oxalic acid for each group. 
““Tnerease’’ in urinary oxalie acid is the difference 
between 24 hr urinary oxalic acid exeretion of an 
individual following ingestion of ascorbic acid and 
avg of the values of his control urines collected 
when he received no extra-dietary ascorbic acid. 
The 0.25, 0.50, 1 and 2 g groups consisted of 7 
subjects; 4 and 8 g groups, 6 subjects, and 9 ¢ 
group, 11 subjects. Vertical wavy lines indicate 
maximum and minimum individual increases (some- 
times negative) found within each group except in 
the case of controls (0 g extra-dietary ascorbic 
acid ingested) where they indicate the greatest var- 
iation between controls of a single individual in 
the whole study. P = probability level. 


in which the increase in 24 hour urinary 
oxalic acid in mg is plotted against ascorbic 
acid ingested daily in grams. The ingestion 
of 4 g of ascorbic acid results in an average 
increase of 12 mg of excreted oxalic acid sig- 
nificant at the 6% level of probability; 8 g, 
an average increase of 45 mg of oxalic acid, 
and 9 g, an average increase of 68 mg of oxalic 
acid, these last two increases being statistically 
highly significant. The ingestion of less than 
4 g of ascorbic acid daily resulted in a neg- 
ligible increase in urinary oxalate. 

Further investigation is being conducted on 
laboratory animals to determine whether uri- 
nary oxalate calculi and kidney changes may 
be a consequence of massive ascorbic acid in- 
gestion over a long period of time. 


Summary. An investigation was conducted 
to determine the urinary oxalate excretion of 
normal males on their regular diet, and to 
determine to what extent extra-dietary ascor- 
bic acid would increase this excretion. The 
mean 24 hour urinary oxalic acid excretion of 


192 


51 healthy adult males on their regular diets 
was 38.3 + 1.7 mg. The 24 hour excretion 
of any individual was remarkably constant 
over a three week period. The daily ingestion 
of 4 or more g of ascorbic acid increased 
urinary excretion of oxalic acid; whereas the 
daily ingestion of less than 4 g of ascorbic 
acid produced no significant increase in oxal- 
ate excretion. 
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Aureomycin has been reported to influence 
favorably the course of certain viral infections 
in man(1-3). Except for the psittacosis- 
lymphogranuloma group(4), however, there is 
no evidence that this drug either limits viral 
multiplication(5) or prevents production of 
lesions by these agents(6). It seemed possi- 
ble, therefore, that the effect of aureomycin 
in these instances might be non-specific; that 
is, its action might be mediated through a 
mechanism other than one which influences 
the pathogenesis of the disease. For example, 
in those circumstances in which the major 
objective evidence for the effectiveness of 
aureomycin is provided by an early return of 
temperature to normal, the question of an 
antipyretic action may be raised. As an ap- 
proach to this problem, an investigation was 


* This investigation was conducted under the 
sponsorship of the Commission on Acute Respiratory 
Diseases, Armed Forces Epidemiological Board, and 
was supported in part by the Office of The Surgeon 
General, Department of the Army, and by grants 
from the Brush Foundation and Mr. Philip R. 
Mather. 


carried out to determine whether aureomycin 
could inhibit the pyrogenic response to a viral 
agent in a situation where infection was not 
concerned. The experimental model chosen 
for study was the febrile reaction produced in 
rabbits by intravenous inoculation of in- 
fluenza virus(7). 

Materials and methods. Virus. The virus 
employed was influenza B, Lee strain, which 
was propagated in the allantoic sac of chick 
embryos 9 to 11 days of age. Methods of 
cultivation were identical to those previously 
described(8). Infected allantoic fluids were 
stored at -30°C(9). Fluids were clarified by 
centrifugation at 3000 RPM for 10 minutes 
at 4°C and tested for bacteriological sterility 
on blood agar plates at 37°C for 24 hours. 
All virus infected allantoic fluids employed 
had hemagglutination titers of 1:512, using 
methods previously described(8). Normal 
allantoic fluid. Allantoic fluid was obtained 
from chick embryos handled in the same 
manner as described above except that they 
were not inoculated with virus. Aureomycin. 
Each injection of aureomycin consisted of 100 
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mg of aureomycin hydrochloridet dissolved in 
10 cc of 1.95% I-leucine diluent. Aureomycin 
of a single lot number was employed. Care 
was taken that the drug was completely dis- 
solved before it was injected since when visible 
suspended particles were present, intravenous 
injection resulted in fever. Animals. Adult 
male or female rabbits of mixed breeds, weigh- 
ing 2-3 kg, were employed. The animals’ 
temperatures were taken at various intervals 
for at least two days prior to using them in an 
experiment in order to accustom them to the 
procedure. They were kept in individual 
cages without access to food or water during 
experiments and were removed from the cages 
when temperatures were taken or injections 
given. Rabbits which had been given influ- 
enza virus were not used in subsequent experi- 
ments for at least 4 weeks in order to avoid 
the period of resistance to influenza virus 
pyrogen which is present for 2 weeks after 
inoculation(10). Design of experiments. 
Four groups of 3-6 rabbits each were em- 
ployed in each experiment. Rabbits of 2 
groups were inoculated intravenously with 
5 ml of allantoic fluid infected with influenza 
virus. Animals of the other 2 groups each 
received 5 ml of normal allantoic fluid intra- 
venously. One of the groups inoculated with 
virus and one inoculated with normal allantoic 
fluid were given aureomycin either intraven- 
ously or intraperitoneally; the other 2 groups 
received 10 ml of ]-leucine diluent by the same 
route. Aureomycin or diluent was adminis- 
tered at various times before and after inocu- 
lation of virus in different experiments. A 
fifth group of rabbits which received no injec- 
tions was employed in most experiments. 
Rectal temperatures were taken every 30-60 
minutes for several hours before and six hours 
after inoculation of virus or normal allantoic 
fluid. Temperatures were recorded as changes 
from the initial value, and the mean change in 
temperature at each time interval was calcu- 
lated for each group of rabbits. Experiments 
were conducted at room temperature. 


Experimental. Effect of «itraperitoneal 


+ The aureomycin was kindly furnished by Dr. 
James M. Ruegsegger of Lederle Laboratories, Pearl 
River, N. Y. 
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aureomycin before and after virus. To de- 
termine whether or not aureomycin could alter 
the pyrogenic reaction to intravenous inocula- 
tion of influenza virus, 100 mg of the drug 
was injected intraperitoneally 2 hours before 
and 1% hours after intravenous inoculation 
of virus. The results of a typical experiment 
are presented graphically in Fig. 1. Two 
similar experiments yielded entirely compar- 
able results. Control rabbits given diluent 
intraperitoneally and virus intravenously ex- 
hibited a characteristic febrile response with a 
maximum mean temperature increase of 2.8°F 
5 hours after injection of virus. This tem- 
perature elevation was blocked completely in 
rabbits given aureomycin. In addition to 
this antipyretic effect, all rabbits injected 
with aureomycin intraperitoneally showed a 
marked fall in rectal temperature which was 
of the same magnitude in animals given aureo- 
mycin and virus as in those given aureo- 
mycin and normal allantoic fluid. The simi- 
larity of these temperature curves suggested 
that the antipyretic effect did not depend 
quantitatively upon the hypothermic action 
of the drug administered intraperitoneally. 
Rabbits which received no injections had little 
change in rectal temperature. Aside from 
temperature differences, rabbits injected with 
aureomycin reacted and appeared no differ- 
ently from those given diluent; there was no 
indication of any discomfort or untoward 
effect. Peritoneal cavities of rabbits autopsied 
Y to 3 hours after intraperitoneal administra- 
tion of either aureomycin or diluent showed 
no grossly discernible differences save for the 
occasional presence of some residual drug in 
those injected with aureomycin. Thus, there 
was nothing to suggest that the observed 
effects of intraperitoneal aureomycin were pro- 
duced by central vasomotor collapse or local 
irritation resulting in a state of shock or 
altered reactivity. 


Effect of intraperitoneal aureomycin after 
virus. The effect of aureomycin when ad- 
ministered after the pyrogenic reaction was 
evident was next determined. The results of 
an experiment in which aureomycin was in- 
jected intraperitoneally 11% hours after virus 
are presented in Fig. 2. Temperatures of all 
rabbits were similar 114 hours after influenza 
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FIG. 1. Effect of intraperitoneal injection of 100 mg of aureomycin upon pyrogenic response 

of rabbits to intravenous inoculation of 5 ml of Lee virus. Aureomycin was injected 2 hr before 

and 1% hr after virus. Controls injected with combinations of virus, diluent, normal allantoic 
fluid (NAF) and aureomycin are included. 
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FIG. 2. Mean temperature change of rabbits in- 

jected intraperitoneally with 100 mg of aureomycin 

1% br after intravenous inoculation of 5 ml of 
Lee virus, 


B was inoculated, but animals given aureomy- 
cin at that time failed to develop the subse- 
quent increase in fever shown by those which 
received diluent after virus. One similar ex- 


periment showed comparable results. These 
data indicate that aureomycin did exhibit 
antipyretic activity when administered after 
the pyrogenic response was established even 
though the temperature did not return to a 
normal value. 


Effect of simultaneous intravenous inocula- 
tion of aureomycin and influenza B virus. To 
determine whether the hypothermic and anti- 
pyretic effects of aureomycin observed after 
its intraperitoneal injection depended in some 
specific manner upon the route of its adminis- 
tration rather than upon some pharmacologic 
property of the drug, other routes of injection 
were employed. Data from an experiment in 
which aureomycin was injected intravenously 
at the same time as virus are presented in 
Fig. 3. Two additional experiments con- 
ducted in the same manner yielded similar 
results. Aureomycin given intravenously pre- 
vented the febrile response of rabbits to in- 
fluenza B virus. These data indicated that 
the antipyretic action of this drug was inde- 
pendent of the route of parenteral adminis- 
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FIG. 3. Effect of intravenous injection of 100 mg 
of aureomycin upon febrile response of rabbits to 
intravenous inoculation of 5 ml of Lee virus. 
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FIG. 4. Effect upon febrile response of rabbits 
given 1 g of aureomycin by gavage 4 hr before 
and % hr after intravenous inoculation of 5 ml of 
Lee virus. 


tration. A hypothermic action of aureomy- 
cin was not evident by this route since there 
was little reduction of rectal temperatures 
below normal in rabbits given intravenous 
aureomycin and normal allantoic fluid. This 
observation gave additional evidence that the 
antipyretic activity was not a direct function 
of the hypothermic effect of the drug. 
Effect of aureomycin by gavage before and 
after Lee virus. To determine the effect of 
oral aureomycin on the viral pyrogenic re- 
sponse, 1 g of aureomycin was given in 30 
ml of water through a stomach tube 4 hours 
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before and % hour after virus. The results 
of one experiment are presented in Fig. 4. 
The degree of fever produced in the treated 
rabbits was less than in controls. Four other 
similar experiments were done: in two the 
results were similar to those presented in 
Fig. 4, in one experiment no difference be- 
tween aureomycin treated and control animals 
was apparent, and in one experiment the 
aureomycin treated animals developed more 
fever than controls. The marked variation 
in antipyretic effect achieved within the 
treated group in each experiment was responsi- 
ble for failure to obtain reproducible results. 
This variability may have been the effect of 
variable absorption of the drug although ex- 
perimental determinations to elucidate this 
possibility were not done. In order to reduce 
the mathematical effect of variation, geo- 
metric means were used to calculate tempera- 
ture changes for all 5 gavage experiments 
combined. This procedure yielded tempera- 
ture curves substantially identical to those 
presented in Fig. 4. However, since aureomy- 
cin was given at various times in different ex- 
periments these data could not be presented 
in a summarized form. Another difficulty 
encountered in gavage experiments was that 
the amount of fever produced in control ani- 
mals was regularly less than that expected 
on the basis of previous experiments. Appar- 
ently the procedure of gavage itself reduced 
the pyrogenic response. In spite of these 
experimental difficulties, the trend was for 
aureomycin treated rabbits to manifest less 
fever than controls. 


Effect of aureomycin on development of 
tolerance to the pyrogenic property of in- 
fluenza virus. A febrile response to intra- 
venous inoculation of .influenza virus renders 
rabbits resistant to the pyrogenic action of 
the agent for a period of approximately 2 
weeks(10). This tolerance is not related to 
immunity. To obtain evidence concerning 
the mechanism of the antipyretic action of 
aureomycin, experiments were designed to 
determine whether or not rabbits become re- 
sistant to the pyrogenic effect of influenza 
virus even if the febrile response were in- 
hibited by the drug. Influenza B virus was 
inoculated intravenously into rabbits which 
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FIG. 5. Effect of antipyretic action of aureomycin 
upon acquisition of resistance to the pyrogenic 
property of influenza virus. Rabbits were inocu- 
lated intravenously with 5 ml of Lee virus 48 hr 
after intravenous inoculation of Lee virus and in- 
traperitoneal injection of 100 mg of aureomycin 
or diluent. 


received an intraperitoneal injection of aureo- 
mycin 2 hours before and a second injection 
14 hours after virus. The febrile response 
to virus was inhibited by aureomycin. Two 
days after the first viral inoculation these 
rabbits and controls which had been inocu- 
lated with virus and diluent received a second 
inoculation of virus. The results of this ex- 
periment are presented in Fig. 5. Rabbits 
inoculated with virus but in whom the occur- 
rence of fever had been prevented by aureo- 
mycin behaved in the same manner toward 
subsequent inoculation of virus as those which 
had received virus and diluent and had ex- 
perienced the febrile reaction. That is, both 
groups failed to develop fever. In this ex- 
periment temperatures were recorded only 0, 
3, 6, and 8 hours after inoculation of virus 
so that peaks in the temperature curves may 
have been missed. At the times tested, how- 
ever, refractoriness of rabbits to the pyrogen 
was apparent when compared to the response 
of animals which had not previously been 
inoculated with virus. These observations 
provided evidence that aureomycin like anti- 
pyrine(10) did not directly alter the host 
reaction to virus other than to inhibit the 
appearance of fever. 

Effect of intraperitoneal aureomycin before 
or after typhoid vaccine. To determine 
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whether aureomycin could exhibit antipyretic 
activity against a bacterial pyrogen, rabbits 
were inoculated intravenously with 1 ml of 
typhoid vaccine, containing 10° killed organ- 
isms. Aureomycin was injected intraperi- 
toneally 2 hours before and 1 hour after vac- 
cine in one group of rabbits and 1 hour after 
vaccine in another. The results of this experi- 
ment are shown in Fig. 6. Fever was markedly 
reduced in animals given aureomycin both 
before and after vaccine. When aureomycin 
was administered after the pyrogenic reaction 
was established, although an immediate re- 
duction in temperature was observed and sub- 
sequent fever was less than that of controls, 
the febrile response was not entirely inhibited. 
The effect of aureomycin was not as marked 
as in experiments in which influenza virus was 
the pyrogenic stimulus, but this experiment 
does indicate that aureomycin can abolish or 
modify the reaction to a bacterial pyrogen. 
Discussion. The original pharmacological 
investigation of aureomycin by Harned e¢ al. 
(11) failed to disclose evidence of an anti- 
pyretic activity of this drug. Indeed, rabbits 
which were given 25 mg of aureomycin per kg 
intravenously 2 hours after intravenous inocu- 
lation of typhoid vaccine, experienced more 
fever than the controls. Since intravenous 
administration of some lots of aureomycin 
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FIG. 6. Effect of intraperitoneal injection of 100 
mg of aureomycin upon pyrogenic response of rab- 
bits to intravenous injection of 1 ml of typhoid 
vaccine, Aureomycin was given 2 hr before and/or 
1 hr after typhoid bacilli. 
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may produce fever, it seems possible that the 
preparation of aureomycin used in the experi- 
ments reported by these workers may have 
itself been pyrogenic, and thus obscured any 
antipyretic effect of the drug. Furthermore, 
the drug was given only after establishment 
of the pyrogenic reaction, a situation in which 
less antipyretic effect is observed. 

Beeson(12) administered 2 g of aureomycin 
by gavage to 2 rabbits 2 hours before injection 
of typhoid vaccine intravenously and found 
no evidence of antipyretic activity of the 
drug. A similar lack of effect in individual 
rabbits given aureomycin by gavage was noted 
in the experiments reported in this paper al- 
though good protection was obtained in other 
rabbits. Consequently, this mode of admin- 
istration of the drug cannot be considered the 
optimal one to demonstrate this property of 
aureomycin. 

The pyrogenic effect of influenza virus is 
closely associated with its capacity to agglu- 
tinate erythrocytes but is unrelated to the 
infectivity of viral particles(9). Since viral 
multiplication does not occur in rabbits, the 
question of a chemotherapeutic action in this 
experimental model does not arise. The sim- 
ilarity of the effect of aureomycin to that of 
antipyrine against influenza virus pyrogen has 
been commented upon, and by analogy sug- 
gests a non-specific antipyretic action. 

The experimental data presented do not 
permit conclusions concerning the mechanism 
of this action of the drug, but irrespective of 
mechanism, it is apparent that there are cir- 
cumstances, however specialized these may be, 
in which aureomycin can exhibit an antipy- 
retic effect. Certainly the evidence does not 
indicate whether or not this pharmacological 
property of aureomycin is capable of expres- 
sion in any clinical situation. However, in the 
absence of direct evidence of a specific effect 
of aureomycin in viral diseases, the data do 
suggest that the possibility of an antipyretic 
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action of this drug should receive considera- 
tion in the evaluation of its action. 

Summary. Intraperitoneal or intravenous 
injection of aureomycin prevented the febrile 
reaction of rabbits to intravenous inoculation 
of influenza B virus, but administration of 
aureomycin by gavage did not consistently 
prevent fever. Although intraperitoneal in- 
jection of aureomycin reduced rectal tempera- 
ture below normal, the data suggest that this 
hypothermic action of the drug was not re- 
sponsible for the antipyretic effect observed. 
Aureomycin did not alter the development of 
tolerance to the pyrogen. Intraperitoneal 
aureomycin also modified the febrile response 
of rabbits to a bacterial pyrogen, typhoid 
bacilli. 
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